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THE COMPOSITION' OF INDIAN PAIN AND DEW. 


i:V 

J. WALTER LEATllEU, ph,d, v.\.c, k.c.s., 
Aifncultural Cfit niist (o (he (.iovt i loiu Hi of InJia, 


RAHT I. 

MTHOCKX IN' 'rilK n.MNFAI.L. 

Tiik amount of ammonia and nitric or nitrmn^ acid, which lias 
been found in tlie aiinnal rainfall by observers in ditferent parts oC 
the world, lias varied within wide limits. Ofic of the most 
complete statements of the existinf^ knowled^o? on tin? subject is found 
in a recent }>aper by N. H, rl, Miller/ from which the followin^r 
instances may be i| noted illiistratiiifi; extreme (juantiticM. (I ray, 
New Zealand, found oOlbs. of nitro^om as ammonia per acre per 
annum in 18S1-S, ami Marcano and Miint>; found I l'l>8 lb. in 
Venezuela, 18H3-5, Welbel. at I'loty, found *21 lb, of nitro^o^n 
as nitrate and nitrite in whilst l»onaine Ton ml lb, in 

Mauritius, 18!)*V Most Karo|>ean and American chemists havcMuet 
with quantities standing mid- way between these (‘xtremos. 'J’lie 
records maintained at Rotliamsted over a period of 15 years, ISbtt 
to 1903, show mean quantities of 2*78 lb. of 'ammonia' nitrogen, 
and 1*19 lb of ‘nitric' nitrogen per acre per unnuin, tlie total 
being 3-97 lb. The variation in this record lias been very small, 
the largest quantity registered being 4 ‘84 lb, in 1903 and the 
smallest 3‘30 lb. in 1890. No connection is perceptible between 
these variations and the season or the rainfall. 


J .\moiHits of nitro((t.-n a« aintnoni.t aiKl an rjiiric ac‘i<l, :infl ol c)il<jririo iii tlic* rain wat<;i 
Collected At notliarastc<i by X. If. -I, Milli.r .ionroal mI Af{jicn!liiral Hck-nfry Vnl, I, 280. 
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J. WALTER LEATHER. 


There has been a tendency among writers on agriculture in 
the East to attriUite to tropical rainfall much greater amounts? 
Atmospheric electrical discharges are specially spoken of as a cause 
of the formation of more nitric acid in the tropics than in the tem- 
perate zones. The evidence of dirterent observers supports this view 
to only a limited degree. Subjoined are set out tlie average amounts 
Ibund by different observers in Europe and in the tropics res- 
pectively, to which are addeti the individual data obtained at 
.Uarlras, Colombo and Calcutta. 

MTKOGEX. 

P01'SI>S PEK AOKE. 


Mi'iin of Ktjiopojui oI)>erv.itioiH 

As 

.ainiiioiiia. 

Gv2 

As 

nitrate & nitrite. 
•2‘55 

•M will of tropical obsei'vat ion 



Madrax : 

Total 

1-91 

Calnitta : isai 

1-79 

1-JU 

Ceylon : 1^9S 9 ‘ 

;rix> 

1">S 


The information, then, si lows firstly tliat the European rain- 
fall contains more ammonia and rather less nitrate than some 
tropical rain ; secondly, that tlie relative proportion of nitric nitrogen 
is at times somewhat higlier in the trojiics. On this subject, Miller 
says, ‘"'riie one conclusion which may safely be drawn is that trojiical 
rain does not sup]>ly to the soil an essentially greater amount of 
nitrogen than the rain of temjierute climates.” (//>/r/, page 287 ). 

A record of the amount of these nitrogen compounds was kept 
rectmtly for twelve months in the rain at Dehra Dun, situated in N. 
Lat. E, Long. 78" and at Cawnporo, N. Lat. 27 E. Long. SO'', 
and this recoril is of interest as additional evidence on the subject. 
Specimens of the rain water were stored whenever 
any fell, and once every fortnight (or less) these specimens ^Yere 
mixed together in jiroportiou to the individual falls to whicli they 
belonged. 

Analytical methods employed . — Lor the estimalion of the 
ammonia bOU cc. were distilled after the addition of 1 drop of 
concentrated potassium Iiydrate solution, and the distillate nessler- 
ised. The nessler solution was suflGciently delicate to indicate *005 

I M. K. ranilir, Efitit on Gylon Tta toil?, (okmco, 1900. 
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RAIN AND JHDV. 

of '^Uj^ readili/. The nitrate and nitrite was detcnnined by 
■Warington's inodificatioii of Sclifxsiiig's inetliod. 

Tlie accompanying .statement contains tlie recnnl. 
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^ta:i<'ns tlu’ iiu’ini lij^iirt's nl' Kii»li:ui)sfrtl aip (jimtcd fnr rom- 

paii>nn 

Tilt" c.au’lusions mav l>r .Ira-vii lioai ihis ivcon! ; 

on i ln’ totiil <jti:iiiiity ol iiitrnuc’ji rarrir’d h\’ On* raip (V.>in iIh- 
at tn tho soil at DcIum !)im and ( 'awiiimrc ajiproxiinah’ 
iv rtjiial to that in tlic rain al Roi lia!n-P <l. 'riic lar-rst aironnt 
lound at thr laiti’i- station dnrin <4 1o v<Mts was I I and tlir 

^iL’allo't .'>■ ll*7 n>. niT ari’i*. 

(/') 1 )h‘ ratio ol ‘ aininonia ' nitron , .,1 to -nitiK*’ hifr<.n(>n at 
lloflia-ilstcd has iMvn :071’J : 1 i’iv { : (17. Sotlial lljr 

ainounr of tiirrio acid in the rain at DcIiim Dnn was .’onsidcrah] v 
UM-catcr than KothamnjM], wlicn-as at (’awnpuiv d wa^ sotncwhai 
loss. 

t'd A (‘ontoai'ison ot tin* actual atnonnts, howawr'i*. shows that 
tlic rain at the two Indian -tations contaiiW’fl lc-*> ammonia tiian al 
the Knolish oik* ; ol mliac af'ui the l)ehi'a lOni ]‘ain tout a iiwal 
.somewhat tnore, the <’a\vn|»ore rain a ^o,,d di-al less ihan at 
Koth tuns ted. 

(d) Dehra l>uii li.^s at tlu’ h.oi the Himalaya^ and M. 
elevation is about ft. :ibov(* si’a- level at tlie jennt when* the 

sam|)les were oollected. The rainfall is I'reijumtlly aecom paiiied bv 
heavy thundei storms, thes(i eleetrical phenomena lieiii;r j,, (.xcos> ot 
what is nsnul in the ImloTTaneotic alluvinl an*a. In whieh Cawnpore 
is situated As the reccnl >liows. the amount of nitric acid in thr* 
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Dehra raia exceeded c(>n>iderably that in tlio Caw n pore rain, and 
tlie one year’s observations thus add sornetliing to tlie theory that 
the amount of nitric acid is increased by thunderstorms. Hut tliere 
is no evidence tliat this I act or affects in any material dcj^ree tlie 
total amount of combimal nitro<^en in tiie rain. It is true that 
neither Pelira nor Ca\vnjiore is situate<l within the tropics, but they 
luv. botli so iK'arly >o, that if any marked increas(‘ in the amount of 
eomhined nitm^ren was usual in tropical i-ain, some dotinite indica- 
tion of rJie fact should be present in the rain-waters we are 
rOMsiderinn. 

The <]ata may also be examined for difierences in tlie amount 
of combined nitroi»eu in rainflilis of ditlbrent ina^nitiule. If these 
sidistaiices are washed out of tlic atmospliere by tlie fallinLr rain and 
not olitained [irincipally from tliat stratum in which the rain is 
torined, it may be presumed tha\ on tln’ liasis of the law of mass 
action, tlie first rain will dissolve out more than the later rain, 
because tiu* latter will meet with h‘ss soliiti* on its passa^a* tliroiigh 
the air. dhe first rain should, therefore, contain more ammonia 
and nitrate pm' unit volume. Hut whether it would contain a 
greater total amount would dejicnd on tlie (piantity of this ‘Mirst ’’ 
part of the tall. It would liave been better for this particular 
purfiose if the earlier portion of certain falls had lieen measured and 
analysed separately from the later part. T\\h was not done 
principally because of pressure of other work. However, the tlnta 
nevertheles.s provide indirect information on tlu* subject, ff the 
composition of small and large precipitations respectively, received 
after C'lual periods of dry weather, are compared, then, as.suming 
that equal amounts of arnmnnia and nitrate were present in the air. 
the i’ou<r)firatioa of nitrogen compounds in the lesser fall sliouhi be 
greater than in the larger one : but if the lessor fall is onlv very 
small, the fi>tal quantitij of combined nitroi^cn in it will bo les.s tliau 
in the larger one. 'riie data are accordingly arranged below in 
groups, eacli grou[» including rainfalls which were preceded by equal 
intervals of dry weather, 'riins we liave two falls after les.s than one 
tlry <hiy. two after tliree dry days, two after seventeen and nineteen 
<irydays, and two after four weeks of drv weather 
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:(h!(‘ rcirularif \\ Tin* tiill nl' M:irrli Nth was :i \<Ty small om*, aii<l 
a!fIi<Mii^}) raiti li:ul fall(‘n mi tlu' prrviniis dav, lliis smaller fall 
rniitaiiifd. per ttiillimi parts, iunre ammonia ami iiili'al(‘ than its 
Hreileer>>Mr, ( hj riu^ lolhnvinN (lav the tail was liiaivy ('tit/). Mils 
eontaiiM'd le>> nitromai pei’ million parts. Ihit ermipariii'^ tlie total 
amounfs o| nitro'ien hrou^ht into tin* stiil hy tlii'se two (alls, it is 
r\id(mt that the In-avier ralleanaed a nuieh or(‘at(‘r ijiiantily with il 

Tile next yn'onp iiiclmh's tie* lalis ol rlaiinary iStli and Mandi 
"th. Hi^th lliex* weia^ reeiMVed alt(‘r three dry days, hiil the (ormer 
and i^roater fall contained less ammonia ami “nilrie” iiilromm per 
nidlioii parts than the .smaller tall, fti e()mparin^^ llic nitroi((*n 
in these two precipitations, it is nef'essary to note that (lie lesser 
wa- not a Very small (piantity — ‘i-tS ' .and mii;lit la* (jidti* sufrnaent 
to wusIj (>ut what ammonia was in the aiip if index'd i fus const itmoit 
is mairdy obtained in this manner, In that, (’as(‘ (Im‘ nitrogen 

in these two rainfalls would not exhibit the ^nait dillererna' which is 
noticeable l^etwiren the first pair, and as a matter of fact th(‘ ^^reater 
fall contained ‘ti 44 lb. jier r.cre and tin* latter tt H) lb. 

Tlie third group includes t^ne fall of ’00" after sev(*nt(?en days of 
dry weather, ami one of ■.54" after nineteen dry days. The magni- 
tudes of precipitation are here similar to the first group, and tlie rela- 
tions fietween the coiicentnuion on tlie one hand and total (jnantity 
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on niv ;ilso the same ; the lesr^er tali possessed tlie liiglier 

(‘oneenrralion of nitrogen cornpoiindsj hut a iimch less total weight. 
Final! Vi tie* loiii’t}) group is similar in characteristics to the lirst 
and third. 

Ill drawing conclusions from the data liere discussed, ilnar limit- 
ed nature lias to be retnemhered. Sidiject to this reseiw atioii it may he 
said that the fw idence points in one direction, and .^jnwvs tliat Jiinong 
rainfalls, siirn’tihihj (ujual pfrioJs >>f th'y irmther, the lesser ])reci])ita- 
tion will }>o>s(‘ss a greater concentration of niti’ogen compounds than 
the greater. As to the total ((uantity <d'thps<,‘ compounds, the le.^-ser 
fall unfy contain as much as tin* gia-ater, pi'ovi<h*d it is not too ,*-fna]l. 
fnit that, falls of I” an<l less do not contain as mueli as In-avier falls. 
It is im[)ort:inr to note tiie italicised coiHlition. If t}ii*>e rainfalls art' 
merely arranged in order of tlie niagnirude oi‘ ihe rainfall, withoui 
referenee to tin* preceding dry wiaither, no simple generali-satlons 
are possible, 

1'lit‘ amount of combined nitrogen in rainfdls of different magni- 
tude, and alter diffeient periods of dry weather wa.s referred to by 
Law(‘> and fiilbcrt in their second [)a])er' on tin* composition of rain 
water, 'file)’ say ( jiagc I a ) "oiu* (‘onditioii which very lariielv 
determines the amount of ammonia pr(*seiit is undouhte<l)y tlieiju.-in- 
tity of the rainfall ; with inereasing rjuaiititi(“< f>f rain the propoi’lnm 
of amtnoiiia ahvay--^ tends to diminisli. Tliis i> best >hown in 'Table 
II in whieh tin* whole of tin- daily rainfalls aia* groupe d accordino- tn 
epiantity.” 


PART II. 

Nl reOoKX I\ TIIK UKW 

'The rain-gauge* at ('awnpoie consists of an inverted pyramid 
of siicet in>n. having an area of ). IJJtMl [lart^of an acre. It is, in fact, 
similar to that employed at Hothanisted. excepting that it .stands 
above gn>nnd and is of different material. 'The fj uantity of <lew, 

I “ N\'\v lichTiiniiaf o|’ ;etiuii'iii:i, t.iiltuim' Miii .'lilrl: su :*• nci-l in tfiv iiiIti w.nerr 
at Rntliaiiwti'd. ' liy .1, 1’.. .1. M. Uili^^rt ariii R. lonrnaixf Uic R->y.'il Ati:- 

• ■nltural Socii'iy, Kn;:l;i!hl. Xl.\, ii M'rit^s I8s:l. A { A , 
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which is very heavy at certain periods of the year in India, was col- 
lected on this and was nu*asured dnrini^ several inontlis ol 

the ‘‘ cold weatlier of llUiJ to 19(15; a record of its com[H)sition 
was also kept. There is a danger wlnai collectlni( such small 
[>recij»iia{ions. le.'-t any aocitlental impurities fall on the /j;auj;e. and 
one of the samples contained so mmdi more ammonia than the 
remainder, that h was disearded as j)rol)ably eontaininated. 'I he 
record is contained in tlie subjoiMt^d statement. 
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Tlic available information rei^ardin;^ the «|uantity and <'nm|;<i>l- 
lion of dt‘w is hut limited. It was measured at Mont[U‘llier, lS9‘b 
95/ by Ilondailie, wlio (I('(e! milled tlie <leposit wliieh eollected on a 
^dnsH plate of ‘J5 s(|. cm. ai'<‘a. Ik^w was j-e^istered in ev(>ry montli (»f 
tln^ year, and the mean h)Ial amoimteil tf) HOOl mm. (o]2 ineli) per 
annum. This record is about twice as rent as that at Cawiiporeo 
So far as (piajitity is concerned it is probabh; that the m^-tliorl arlopt- 
eci at Cawnpore ojves a low result. Tlie whole* of the thov deposit- 
ed during the ni^dit docs not run olF tlie j^au^e into the^ receiver, 
and what remains on the eolb^ctin;^ surface wo)uId naturally evapo- 
rate again during the following morning. But how' great tlie error 
here introduced, is not at [ireseut known. Nor in the present Btati; 
of our knowledge of the actual amounts of water which evaporate 
daily from the soil during the tfcveral seasons of the year, is it safe 

1 Ann Ecole, >’at. A{fr., Mod i pell ier. Exp*, Stn. Reconl IX, pui''- 
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to express an opinion on the question whether this dew deposit 
materially affects tliis evaporation of water from the soil. Of tlie 
composition of dew even less appears to be known. Lawes and 
Gilbert^ state that ‘‘most of the very small deposits represent dew”; 
rliis stateinent refers to the tabulated data on pa^e 316 of their paper, 
but only one of these dej)Osits is specially noticed, namely, tliat of 
Se[)tember 17, I SSI. It measured '007 incli and contained 5'49 
parts of ammonia per million. This appears to have been exception- 
al, because all tlie other very sniall deposits wliich were analysed, 
contained quantities ofanurnjnia similar to tliose found in the Cawn- 
[)Oi'e dew. Another reference to tlie comjiosition of dew is found in 
the Iveportofthe Pioty Ai^ricultural Exj^eriment Station.^ Welbel 
tfiere found a moan of 7) ni.jfr. of ananioniaper litre of dew, whicli is 
equivalent to o parts permiiiioii. That dew usually contains more 
ammonia ]>er unit volume than rain, fliere seems to be no doubt, and 
the same applies to the nitrate. Natural] v since tlie total deposit 
is so small, the total (juantity of combined nitrogen tluis introduced 
into the soil is small also. The whole of the Cawnpore deposit for 
tlie season contained only '055 lb. of “ammonia" nitrogen and.Ood 
lb. of “ nitric ’’ nitrogen per acre. Asa source of combined nitrogen 
to the soil, dew deposits cannot lie considered of great importance. 
The relatively liigli proportion of nitrate to ammonia in tlie Cawn- 
pore dew is very marked, 'fills rcdationsliip is fairly regular, and 
whilst in rain-water the “nitiatc" nifrogeii is nearly always less, and 
sometimes very mucli les.s than that occurring a.s ammonia, in tlie 
<lcw tlie two quantities approach eacli otlier mt>re nearly, and in 
two of the specimens there was a marked excess of “nitrate " over 
“ammonia" nitrogen. The total (pian titles of the two for tlie season 
are equal, whereas in tl:e Cawnpore rain there was three times as much 
“ammonia'’ nitrogen as “nitrate" nitrogen. This circumstance is 
not what one would expect. It is generally assumed that the 
ammonia in tlie atmosphere is derived (away from large towns) from 
decaying vegetable matter, and there sliould thus be an excess of 


i CU,, 315. 

^ Rap, An. Sta, Expt, Agroo, Floty S ( 1 90:^), 
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ainmoniii ir) the atmosphere nearest tlie earth: tliO nitric aci^i on the 
other Imml is attributeil to electrical plienomeria, much of which 
ivceur in the higher atmosphere, and it might lx* cxjicctod that if an 
excess of nitric acid existc<l at all, it would be present tin* higher 
strata. Arguing from these premises it might Im‘ antieipaled that 
rail), which falls through a sd much greater thiekness of atmos- 
phere than dew, would tend tociaitain a higher ratio of nitrate to 
ammonia, than dew would c(mtain. As has been shown, the 
exact contrary has been met with. If a conclusion may be drawn 
from the compositi<in of i-aiu ami dew, regarding the relative 
amounts nf ammonia :md nitrate or nitrite in the several strata of 
the at!nos[)liere, the Cnwnpore data indicate that there is relati\’cly 
more nitrate in the lower strata. 
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Imjf'rrd J;/ F>f/ i/it .\<jr\rnUHrn^ AVvo/i A I'uS’K 

In and a|^ain in di’tail.s r<‘^ardin»^ tin* c!i(‘tiin':d 

roinjiosition uf Indian foiKl-^rains an<l ladders, as <!t*torfniM(*d in 
this lalmi'atnry, were jniljlished in tlie Ai^ricull iiral Led; 4 i*r 
(lODl, No. 10, and, lliOd, No. 7). Thesr piihlicatioiis eontain 
soiiu* information re;^ardinL; tin- oil-seeds of India, hiir, the 
nuinher of sjk'citnens wliich had then been exannned was loo limited 
to admit of a detinite opinion heinir formed re;^oirdin;r the varia- 
tions which occur in the amount of oil in >iieli seeds in tli(fen*nt 
Trov trices. 

Since then a lar^i; number of s[M>cifnens of oil-seeils received 
from \arions Pro\inceH in India liave he<m examined for oil, and 
their oi-neral composition in otlier particulars has also heen deter- 
min(‘d. The details are s(jt out in this Memoir. 

‘ITiere is imlced mucli les.s accurate information abont oil-sced.s 
tlian about the ."O called food-grains. It, is prol>al>Ie tiiat all the 
large crusliing firms in luirope and America possess a good knowl- 
edge of the amount of oil f>resent in tlie seeds they d(*a] witli, 
but such information is not ii.sually published. Standanl books 
give but little information : Churcli’s ‘‘ Food tirains ” jjrovide.s one 
analysis of one oil -seed, and other aiithoi's re[)roduce odd analyses, 
American writers are more liberal, but even tbeir exhaustive 
literature does not, 1 believe, do justice to the subject. I have 
referred under the head of the individual .seeds to .such data as I 
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have been ablo. to find. A correct knowledjre of the auiount of oil 
in these seeds is naturally of value to all parties concerned. To the 
a^riculturi.st it is of importance to know wlietlier the seed grown 
by liini compares favourably or otherwise with what is grown else- 
wliere, and one of the chief poirjts brought out by this series of 
analyses is tlie variation in the amount of oil which is found in the 
same seed grosvn in different Provinces. These differences are not 
always great, but in some thi.s is the case. To the crusher too, 
siicli information must be of not less value, because the amount of 
oil expressible from any seed varies in a ratio even greater than is 
indicated by the percentage amount. When an oil-seed is cruslied. 
it may be said that, when using the same mill and a like pressure, 
the cake will retain aj)proximately the same amount of oil wliatever 
the .s(‘ed contains. Ion- example, if tw^o .samples of an oil-seed, 
<;ont:uning respectively aO 7> and 40 7 oil, are crushed, an<l the 
cake C( HI tains 10 7 ‘d’ oil, the nett result is that the one will yield 


X - r < . . r M . -1 » . 

oO ininus — = ;» o or 14 a parts ot oil, while the otiier will 

yield 40 minus - ~ b'7 or parts of oil. 


Another important subject is touched upon in this Memnir, 
and about wliich more precise data will, it is hoped, he obtained in 
the future. After some of tliese analyses had been made, specimens 
of some oil -seeds which had lieen shown to be richer in oil in one 
Province than in another, were grown in the latter Province and the 
seed so obtained analysed. In most cases the result of the experi- 
ment indicated that the ncvvly imported seed had suffered deteriora- 
tion. Unfortunately, however, in r.ll but one such experiment, the 
initial seed was not analysed, ami this fact alone detracts much from 
the value of the ex])eriments. For it will be obvious that, because 
certain specimen (say) of sessainum from the Deccan was found 
to be rich, it does not follow that a precisely equally good sanqdc 
can be obtained a year or so later ; and if this latter is grown in 
another part of India and tlie eeed analysed, and found to be less 
rich than the former sample, no proof is provided that depreciation 
has followed the transfer to the new Province. In one case, however, 
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the above i mb caret! precan tin ns Nvert^ taken. Linseed was obtairuMi 
from several |>arts of India and grown at Lyallpnr in rlie Ibinjjd), 
Some of this st'ed was analysed, as was also the newly -grown crop, 
ind again in flie stvond year the corresponding checks wen* made, 
I am permitted by the nirect<n’ of Agrieultiire fo reter to tins 
ex|>t‘riinent and, as the figures slmw, there seems rt) ht* tlislinetly 
less oil in the seed grown at Lyallpnr than in the original. It 
Is undesirable <lraw g(“neral deductions from an isolat(‘d 
exptTiiin'nf, ami we must hope that eitlier im])ortt‘d oil-srt^ds into a 
Province [xisst^ssiug only p^'or (piallties of the simmI in ipiestion will 
iK'come rapi<lly acclimatiztxl and regain flnar tormer riehness or 
that means inay he fnind of increasing the amount of f)il where tlu‘ 
pvi<h*nce indicaies poverty in tlie seeii. 

The wliole of fin* individual analy>es have lieerj iii(a)rporaled 
in tin* text. T!i(‘s<* di'tails render the pages a mass <d' statements, 
hut I 1 io;m‘ tliat those who are int«‘res((*d will find them more useful 
than if mendv average figures had l)(‘i*n given. 

All tile spe<‘inM*iis <’(Uild he readily classes] under tlje gtauis to 
which the\’ l)e]<iriLr Hut it was ipiifi’ unsafe to try to diflerenliate 
iM'fweeM varieties, (*xc(‘|i{ in tlie <'as(* of some of lh(‘ Hrassica; 
from Heng.al. which ('oh)ncl Prain kimlly identified for me In IhOO. 
The specimens of lirassica vari<*ties ami of S<‘ssamum ificlnded 
oliviously see<l f)f V(>ry tlifferent siz(‘and coh>ur, and it was neci'ssary 
to gron[) them under corresponding heads. Ihit tlie other oiLsec'ds 
are not so readily divided, and flu'se ha\a*, therefore, been merely 
gpjnpcal accnrdit:g to the Provima* f)f origin. 

Regarding the analytical metliods ado[)fed, reference need only 
he made to that (Mn]>loyf‘d for tin* detenniriation of fhe f>il. WMien 
oil-seeds are crushed, tln-y usually assurm* a very pasty consisfence, 
and it is iinpossifiii^ to imsnre the dirixu disintegration of ;dl the 
oil-b(^aring cells. I have, then- fore, adopted the jdan of first 
extracting most of the oil from the weighed portirjn, and then air- 
drying, re-crushing and neex trading Mic re.sidue. After removal 
of most of the oil, the tnatcrinl is very readily disintegrated in an 
iron mortar. The proceriure is as follcws : — The weighed oil -seed, 
aa crushed in a mill (Castor bean was crushed in a mortar), wa.s 
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extracted witii ctlicr in a sox hie t for about two hours ; the paper ease 
was taken out and ex|>osed until the ether had vaporized ; the oil- 
11 ask removed, dried, and wciglied as usual. The air- dry anil 
partially exhausted material was then pounded in an iron j nor tar 
which wasit.self placed on a lar^e slieet of clean paper, the object of 
rlie latter bcin^ to secure any material which might be thrown out 
of the mortar during the disintegration. Although this precaution 
was rj at u rally necessary, tlie experience was that very little 
material was ijectcd during the operation. After this pul- 

verizatiim, the material was carefully transferred to the paper case 
again, and extracted for a further period of 1 liour to 1.^ hours. 
TIjc amount of oil obtained by this second extraction was usually 
considerable, varying from 020 gnu. to '150 grni. It may seem at 
first sight a dangerous process to take weighed material and grind it 
in a mortar in this manner and tliat the risk of loss must be 
great. Apart from it being the only method I could adopt for 
the pur [lose, the risk of .serious error is not really great. The 
weight ot material employed was about gnns. and, sup[)osing that 
so much as jjart of tliis were lo.st tliroiigh carelessness (no sucli 
loss need ever occur), it would mean a loss of oil not greater thai^ 
01 .i grm.'<., and tliis is c([ual to 5 percent, as reckoned on the fre.sli 
material. Had tliis second crusliing been neglected, the loss, due 
to nnextracted oil. would often have amounted to ‘1 grni. or about 
per cent. 

The list of seeds wliicli have been examined includes : — 
Araebis bypogwa (Eurtbnut). 
llas.sia latlfolia (Mowlia). 

Hrassica (iSarson, Toria, Kai). 

Cart ham us tinctorius (SatHower). 

Kruca sativa (Tnramira). 

Gossyjiium (Cotton seed). 

Guizotia abyssynica (Niger). 

Lin urn usitatissimum (Linseed). 

Lap aver sornniferum (l^oppy). 

Ricinus communis (Castor bean). 
iSessamum iadicum (Til, jinjilly). 
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BASSIA LATI FOLIA — Mmha md {Kenieh). 

The rminber of s{)ecimens of this seed which has been ex- 
amined is t(JO small to admit of any general deductions. The 
analyses are inserted, fjowever, because of the very limited infor- 
mation on the .subject which is available. 


Saiiii)l« No. [/jcal Naiuo. Oil. 

Fer oeut, 

i \ 


(Jtiutral Provinces. 
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Nimar 

1 4s-i;i 

lSl-04 
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BHA.SSICA. 


Ai L‘a in liritish Imiia. AvcraKC 


Acre>i. 
:>,5oe,oo(j I 


Tons. 


There are few crops in India whicli include such a variety of 
seed as the l>ra.ssic;e. The individual crops appear to be largely 
mixtures, and it would have been an advantage if specimens of the 
pure varieties could have been examined in addition to the speci- 
mens of local production, but no opportunity occurred for this. 
However, since some of tlie most representative samples, as 
obtained from different districts, were similar to one another, 
it was possible to classify them in a great measure. The 
specimens fall under the following chief groups : “ Yellow sarson ” 
(probably Brassica campestris), twenty-iive specimens chiefly from 
the United Provinces ; and red or slaty coloured seed of various 
shapes and sizes, sixty-two sj^ecimens. The latter have been 
sub-divided acconling to colour and size into Sarshaf or Toria 
from the ihinjab, a slaty brown or dark red seed weighing 



THK COMPOSITION OF THK OIL-SKtPS OF INDIA. 


•Jl 


fmin* 2 to I gnic }>t*r 100 and *' Sarson kali honi ilu* 

United Preo'inces similar in size to “ Sarshal.” but re<ider coloured ; 
and stcomilv. tlu- '• Rai ” of rlie ibinjub, a mucfi smaller st‘etl than 
the f()l•e‘roin^^ weiudiiriij (Voni *07 to ‘ I f) i;rin, per 100 steeds TIu* 
other samples have bt^tui broutrlit inft> tills class! tiealion as tar as 
jx)ssible, though cliaracterizod by ditlereiice in shape-, colour and 
weight. 

Yfllinr SarsoH — I'Ijc lift ecu sfH-eifuens from the I oii ted I Prov- 
inces wi-re uni form in <*oIour and comparatively so in otlnu 
respects. 'I'heir weight varie*! from -n t<» '71 itmi. per 100 see-ds, 
and if one or two extreme's are excluded, the variation is fi-tan about 
•tSto ‘(JS erm. It is tin‘ heaviest of the varieties of Mrassiea. I'he 
amount id’ oil varit‘<l Irom Id to dO piT cent. The Assam spivimens 
were ilistinctlv smaller, vvei^rln*d .'5 t<i I itrm per 100. and 
contained ajt[iareiil iv b'ss (jil. I'lu' sj)i'eimens from othi’i’ Provima's 
were t(io tew in niiinber to admit of ^i-neral dedinaions, hut 
they <io luU appt?ai' to contain so much oil as the United Provinces 
specinu-ns. 

” and “ TihnY' from the Pmijah are see-ds wliich are 
characri-rized by sijuh* irre;inlarity in erdour and shape. Wlietlier 
the crop tbronirlnnit tin* Province is a mixture, or vvln-ther these 
characteristics are common to tlie vari(*ty, is uncertain. Otherwise* 
the seed is fairly nnilorm The weight varies from *21 ft) *11, or 
excluding extreme.s ‘2.a to oi’i. It contains t^enerally from 87 tod.^ 
per cent, of oil, ?.e., very ap|)rccial)ly less than the yellow seed, Sp<*ci- 
meii.s of “ Kali Sarson ' from the United Provinces were somewliat 
larger, and. distinctly n-dder in colour. Tlicse twelve spj*eirn<*ns 
wei^iied from 8 to and containe<i from to dG |>er cent, of oil, /,e., 
much about the same as Punjab ISarsliaf. From Partabj^arb. how- 
ever. two sjiecinietis of a miicfi larger seed were received ; they 
weig}ie<l ’bH nnn. and contaiin-d lb percent, oi oil. 'I'be n-rnaining 
twenty dive specimen.'s which I havf* cla.*^.‘^ed under this group varie*! 
much mure in weight, colour and percentage of oil ; some ot tlietn 


* Jn order to a^bfc*via»i3 ejijn.'if/.ii <.f the wc'jjjhl O the riier#* fiifnnsu are fre«j!jently 

used in the text by thetoRelvt^, 'neh in “ i-wd* 'i to ‘1 " would mean ‘I to '1 pmo j'«r Vfft 

seeds. 
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contained only 38 per cent. oil. The Toria from Sind was similar 
in appearance to that of the i^unjah. 

Thinlly, the samples of the l^unjal) '* RaiT with two of Desi- 
rai ” from the United Province.^!, have l)een clas.sed together, be- 
cause they are distinctly sirialler tiian the fore^oinji;, red in colour 
and contained less oil ; their weight varied from ‘O? to ’15^ and 
tlie percerita^re of oil varied fron» 27 to o7. 

Amonjt the few reference.s by foreign writers to the amount 
of oil in Brassica, Arms by mentions 5 a j)er cent, as the hijthest, 
8G per cent, as the lotvest atvl 42 '5 per cent, as the mean of a 
number of specimens. 

YELLOW SARSON. 
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THE COMPOSITION OF THE OIL-SKEPS OK INDIA. 


KUrCA SATIVA.-.{)Vr». ; 

S<iino sp(viuu‘ns of rlils wt'jv rei’eiviMl from tin* Puiijul) niul 
thf ImmomI l*rt)viiu't*s, roi^^*ilirr with <uie s«iopit* frnio 
As will Im‘ srt*n from an in>j>trtion i>l' tlu^ ti^urvs, llu‘ spooimons 
from tlh‘ Unittnl l^roviiioi*^ ountain apprt*i’ial)l y iiion* nil than 
(min till" i'uiiiah. at^i siiHM' thi^ (litlrivnoo i'' ivmilar. it may hr 
prcsioiitai to 1 >^* a ^fi]<‘ral out* ()ni‘ cannot of course make licdiic- 
tioijs jVoMi the oiic llm^al •'I'ccimcii The samples were fairiv 
tree ln»m i-arthy matt-rials. 
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OOSHYPIUM— 

Averau« area, in aero-S -. ... .. 

Approximate outturn in tons 1,200,0(X) 

Detaileil inforriijitiori regard ins( the amount of oil in Indian 
cot ton -seed was published in Agricultural Ledger No. 9 of 1903, 
and a summary only is inserted here 

Oil in whole seed. 
Per cent. 
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from Mrulran Presidency 
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The variation in individual sani[>les was only small, being 
from 15 to 21 in extreme cases. The amount ol oil contained in 
Indian seed is then very much less than in American, which contains 
upwards of 30 per cent. Tlie Iiuliaii seed is also smaller. Speci- 
mens of American weiglied 12 to 18 grammes [ler UU) seeds, and 
Egyptian 10 to 11 grammes, whilst Indian seed weighe<l only 5 to 7 
grammes. 

OUIZOTIA AliY8SYNICA-~(.\Vyr/). 

'Idle spt‘cimens of this seed were characterized by very consid- 
erable uniformity in colour, size of seed and amount of oil 
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fifty- four samples of 
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whol(‘, 

reiiuirkahly 


iittie variiitii>n in tin* proportion of nil. Tin* C(‘ntril Provinco^ 


and tho nnitnd I^-ovinces samples contain up to Tl per cent., arnl 
SOUK* ot the l\injal) sain[)li‘s (all as low a.-) .’>7 jier (’(‘nt. (<uu‘ ns lf)W 
as 2».r()) but tliese are the extremes 

Most of tbe?n wen* brown linseed. t)n<^ sample from Nimar 
ami one from Cawnponi were pract ically wludly wliite ; and samples 
from Surat, Wanlba, llosbanj^abad. Nai’sifji/])ur an*! Sambalpnr 
contained nmnt iir less white linseed. Ali tlu‘se eonlaiiu'd Iiiirli 
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prof portion K of oil, but at the same time equally high proportions 
were contained by pure brown linseed, so that there is no evidence 
to show that tfie one contains generally more oil than the other. 

Some of tin* see<l was distinctly small, sucli as that from 
Kangra and liawalpindi, but there is not ?nuc!) evidence tliat any 
eonne(!tion exists between the size of tin? seed and the amount of 
oil. Some of the larger Central Provinces varieties weighing or 
gramme per loQ seeds coutiiin (udy as much oil as No. 920 — 04 
from liilaspur ^vhicli weigfie<i only oo gramme. At the same 
titne it may be said that all the sam[)les of bold see?ds, weighing 
7 grainna? or more per lUO, contain high percentages of oil. 

The (miy sjimph‘.s which were not clean were those from the 
Ihmjal). ddicsc, excepting that from the Kangra district, were 
mixture.^ of large and small linseed together with rape, wheat, etc., 
and straw, and tliey compared very badly witli the general purity 
of the samples from other parts of India. 
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'riui same n^niark iniist, })e rna(l(^ iu relation to this sccjI as 
:ip[)lio(l to Bassia 1 at i folia Tiie number of speeimetis is so small 
as to prcjclude any ^eiuM-al conclusions rr^ardin^' the amount oi 
oil in tliis .^ecil in ditferent parts of Itidia. 'I'lie variations’ in tlie 
specimens examined \ven‘, however, very small. 
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HICrNUS COMMUNI«~{6’rtf^u/ n^an). 

Numerous specimens of tiiis seed have been examined. The 
list includes tin rty -nine from Madras, thirteen iVum Bombay, 
twenty from the United Provinces and twenty -five from the 
Central Ib-ovinces, The oil was determined in the kernel ; the per- 
ceiUace in the whole seed was calculated tfuni this figure after 
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tor the >helh Witli very lew . xeeptioiis, the oil varies 
in kernels Ironi I'lO to Tit per eent , aiul this variation may he eem- 
shh'i'eil small. As is well known, the si/,e ol this seeil varies very 
mneh imlee.l. ami this is .shown hy the last eolmnn of the state- 
ment. The weight per KKI s,r,ls is as low as P ^n'ms. m one ease, 
ami as hiah as Oil'T in another -a .iiireiviiee far a,-,.aler t lian oeeiirs 
in other oil-seetls. ami is imleeil iplile iviiiarkahle. I he peieentajj|e 
of 'hell Is. however, miieh more eoiistant. Moreover, a hir;h pro- 
portion ot shell is nut eoiiiei<lent ivitli a small seed, ami presumalily 
the thickness of the shell increases sliahlly with the si/,e ol the 
st'fd. 
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lit 

i>in 

\1T 

04 

l>i.. 

1ill!l 

<14 

< 'liit.kiitj'l t1 It 

KCdt 

04 

I'l. lit. 1 1-1.1 . 

!(».M 

<'» 

1).., 

KM 

04 

( '.'isOit scrti , sill. til 

IK) 

Ol 

(Vistnt scrtl 

.Mil 

04 

Vu. 


04 

IIh. ht,; 

.'.IK- 

-III 

I).,, snitili 

IIK 

111 

(Vlslnr s,v.l 

u, 

04 

Un. 

Till 

<»4 

Itu. 

:i\:. 

(i| 

ho. 

HH- 

-1(1 

Do. 

417 

-04 

Do, 

.Miti 

04 

Dtp 


04 

Do 

Kiri't 

<0 

Do 

Klli<l 

04 

Do. 

m\ 

- <11 

Do 


-04 

Dll. l,itj.o> 

KJfk'I 

- 04 

Du. stfltlll 


-01 

1 1o. 

1417 

-04 

(Vistor ‘..-. 'I. I'iu' 

m-< 

-04 

(Vistor sin.ill 

KisVi 

-.04 

SifOamantikkn 

Ki'iH 

04 

Do. 

ln.-.7 

-04 

I*i;iiaituin;tkkti 

IftTS 

-04 

Do, 

m-Tid 

-IM 

j Katanianakkn 


,l/t<./(V.v 

,.,u. 

V i/):iii.i;;i .lilt 

TlJl 


<i*i 

Dti. 

<ill H.'k 

Do. 

71 Is’ 

Do. 

TK 7!1 

Kisiii.i 

7ii»il 

D. , 

ij!l-s<) 

K.kt IIOol 

<i!l<fj 

Do. 

<ili Iti) 

Do 

<^•1 l.T 

Dt Il:k1 V 


Do. 

»i7 ;u 

Do, 

ii7i;i 

Do 

1 

.\tir.iit|.iit 

IiKT^V 

Do. 

<17 .'tl 


71 -AT 

Do. 

t>l ml 

Ni'lloi 1 - 

<!“< jli 

Do. 

7tt IK 

Snliiii 

mi iL' 

I>o. 

<i4-<;7 

D.n 


Do. 

<>^‘.■'>7 

Do. 

7'-’ 1 1 

Do. 

711-77 

Ilo. 

<i^-sj 

Do. 

;<t IT 

Do. 

mt 

Do 

7<>*>s 

D< . 

mi .41 » 

Do 

71 (-‘W 

( ‘oiilih Koro 

711 fo 

Do 

(m'7-» 

Ma.iora 


Do. 

<o‘77 

Do. 

li-J :44 

Do. 

71I*:44 

Do. 

... 






:ui-77 

li71«i 




<i7<i7 

Ui 111 



liT iD : 

t; SK 

21 -h 

‘-’K-Jl 

lii'i'J 

IT .71 

•;-i‘ii 

'/.CPI 

<i7-l'l : 

17-hk 

21 1 

:d ■j<i 

liTlll i 

111 -;? 

\\is 

MO 

<iS'.Hi 

1K-<K1 

:(l ii 

:i:{-;ii 

|(7 ; 

1 1 ■-"( 

•-’ll 1 

Mi'TT 

7tl’<ifl ‘ 

4K-(W 

11 

.TlTU 

liil-lM 

47 11.7 

17 7 

.TjdKk 

li7‘7S 

1.7-!il j 

KiT> 

.{i'M 

<;7o'.i 

1.7 41 ! 

IS K 

Tl-l’J 

<iVIM 

14’70 i 


:«( 7-'t 

H'l ■<)*-' ‘ 

IS -Jl ; 

-.•kt; 

IJ'IH 

<)7 ‘'I ! 

17:!l 1 

2:17 

h7 

<i:Ml7 

lo’dii i 

2:4"j 

ASM 

;i7 4<> I 

A,\V2 1 

K'll 

Ml 77 

<ii)':il 

1 1 7.7 ’ 

It 11 

‘/■.I .'.1 

<is-.'»:i ' 


Hi 1 


<i:i 4i 

41 !i:: 

-Ji-t 

:tT ;u 

(17 -Ki 

4:t'l.7 

'J(1'7 

;cj <«( 

71-I-i 

IHIKI 

;Hci) 

TI-l.T 

<n-<in 

il'-mi 

IIK 


70 Ki 

.’ill -7.7 

Tl-s 


(17 111 

i;-H4 

AA] 

Tl'lll 

<1!1<17 

17 KT 

1 Tl-I 

„'‘i-;i7 

<1V7H 

411 ■:« 

27-4 

MI-IW 

117 4;i 

47 14 

:u? 


M -H-J 

1,7 (i? 

;«(7 

:{:i<it 

117 All 

14-fll 

IK t 

jli <il 

71 net 

rii>':i.7 

Ml--’ 

-JK-Kl 

(17 ’.71 

47-H(i 

27 .7 

:i4-j.'i 

(*:Mfl 

4 1 rj 

14 11 

:n-<k‘i 

(>4’)(( 

ll’Hl 

•/in 


1 i-J .71 

4-i-Ml 

lS -0 

;t7*mi 


:t7'(i| 

.’flCl 

■jiKmi 

.'i9’7(l 

il-HA 

W 11 

Ml-.’kS 

;o-4i.7 

4IJ 142 

27-1 



J. Walter leather. 




SiUnpl.: 


1K7 01 
1f)-J -fn 
im in 
(u 

LMO (}| 
Wi n[ 
i'lO ~oi 

■3iH 01 
:fjii (It 
17') 01 
117;') (It 
1170 ()t 
HK{ 01 


l)7(!-li| 

077 -04 

07S -04 

(i70 -01 

0 } 

oi 

osi-~ot 

‘KS -04 

0 4 

!is:{ (>t 
OS!) ot 
!IOO 01 
!)St ()! 
OS.') -01 
!)01 04 
t)!»2 04 
9S(i (4 
9S7 -04 
0!);U()l 
004 - 04 


107-04 
117-04 
.'it I -04 
no -04 
134 04 

ir. 04 

lOl 04 
UiO 01 

177 in 

10 .'. 1)4 
liKi 04 
-*'ts 04 
14 

11-J7 ' 04 
V.’lN 14 
■.»L*0 (4 
i')!.') - 04 
.VHI 04 
r>70-(H 
.*>77- 04 
7lH)--04 
0UV-()4 
01H-(I4 
04 

l.^*4 04 




Li^t riut. 


Korncl. j Slifll.'. 
I’t rrent, I I'erut-it. 


iioTfihmj ]*rp^\dtn 


4 'nstor 

' Ahme<lnhafi 

71 -S4 

Do. 

Kairu 

72';40 

Die*'li 

: Suiut 

73- 15 

4 Visf fir se)‘i} 

1 Vasik 

7.324 

r)rt 

: l^ooiia 

74 -OS 

Divffli 

i Do. 

75-!)S 

(54st<;r 

SholatJUr 

OS-17 

Do. 

: I.)harM:u' 

05-10 

Du. 

.S.itara 

73 05 

Du. 

Hijapii)- 

72-43 

Du, 


70 -S2 

Du. 

Dn. 

7 4-30 

Du. 

Du. 

0<)-05 


2S-1(| 
2770 
2i;-s.-) 
2(j 70 
25S)-2 
24-0-i 
31 s:4 
34-00 

20 -a') 
277)7 
2!)-lS 
2") -04 
;10‘0.') 


4 'asffji s u I- (1, 


1 Soltanpiii- 

4 astur H u u <1. ^ 

lar;(e 

Do. 

Cast<jr s u e ; 

small 

Do. 

(slstoj- SUCmI, 

small 

Do. 

Randi, larj;u 

1 CaM'iinoiu 

Du. small 

Do. 

Du. 

Do, 

Do. small . 

Do. 

Do. lai’i^u . 

1 Dai tali'-arl 

Du 

! Do. 

Du. 

Do. 

Du. 

i Do. 

Du. 

1 Aliuiirli 

Do. 

Do. 

Do. 

i Do. 

Do, 

Do. 

Do. 

I'liao 

Do. la»'0‘ 

Do. 

Do. 

Do. 

I>o- 

Do. 


f nit"''! 


71-35 

2S0;5 

(;!l-!*7 

;ilJ-()3 

04-05 

:{o-ft5 

7()-62 

-29.3S 

70-33 

2!) 67 

67-!IS 

32 02 

7.3-01 

■20 -‘19 

71-42 

2S-5S 

(M}-49 

39 51 

40 95 

35*05 

07-')(i 

,32 5(1 

0s-.')0 

31 -.')0 

73-71 

•20"29 

72 4S 

'27 -.5 '2 

♦).s-0.5 

3l-:i.5 

07-9(i 

32-04 

71-71 

2S-H) 

72(19 1 

27-!)] 

07-90 j 

32 94 

OS-02 1 

31 -9S 


C' ntra^ Pror 


Un'li 

.lahalptir 

73-00 

Do. 

HosliaiiuaOad 

70-4)0 

D:\di Audi 

Do. 

72-33 

(^astor 

Nimar 

7(1-14 

Do,, lar;:o 

■ Dainoli 


Du., small 

1 >0. 

(i9-,"i0 

Audi 

Kaiinii- 

59-14 

.Tatla 

Samhalpiir 

7i)‘(i‘2 

(5ist()r 

Do. 

(is -5(1 

Kauldiat i 

I4al;ii.d)af 

69-72 

\V)‘vj i 

Du. 

73- 1 1 

(a4stui 

Naisinirpin 

71 2ii 

Du. 

4'li:ioda 

O') '(10 

Du. 

D(*. 

0-^-44 

Dfu 

Du. 

(>3-3s 

Do 

Do. 

09 11.3 

Vurandi 

' Waniha 

66 1 4 

Do. 

Du. 

74-9:1 

Ahili Radi 

4.’ldiindaaia 

67-30 

l>. Chhoti 

Do. 

71-23 

Vundi 

; Dotul 

76 !r2 

Castor, laryu 

Hilasimr 

73 01 

1^0., small... 

^ Do. 

64-03 

Audi Raiii 

Najipiir 

72-1)1 

Do. 43jhoti 

Do. 

71-21 


tnr^s, 

2fi-40 
■2!)'40 
27 07 
“20-'S) 

30-44 
40 SO 
-20 -Os 
:U 50 

30- 2'' 
20 SO 
2S’vi 

31- (I0 
3i-;(i 
.30 I5J 

2.V1I7 

3-270 

■2!) OS 
■26;«) 

274)9 

2S70 


Oil iti 
Kernels. 
Oer cunt. 


Oil in Wei^'ht of 
v.huksee<l.' 100 seeds. 

l\^r cent. (Irms. 


oS-So 4-2-27 I -257 

f>l 50 40-G:4 ! 37-2 

04'77 47-37 220 

55-24 111-45 ! 40-8 

♦)I 41 4771 41-0 

0.'47r) 4'^-43 4r»S 

03-22 43-09 lO-S 

05 0!) 42-70 ' lO'O 

‘U-:{0 44-77 ; 37-3 

♦i5-43 47-:40 : 37-0 

710.') .'»o-!»,-, I 40-s; 

li.3-S7 47-40 I :q..) 

(i5’41 4510 i 23*2 


6S-40 

4SS4 

55-3 

0<i-40 

44) '52 

.vS 9 

04-45 

44 .» 

19-4 

til“2S 

45-:{9 

21-5 

05-00 

44)'} 7 

30-4 

<m-77 

44-77 

20-1 

01-S9 

4,5-IS 

34 4 

04-13 

45SO 1 

■2u:4 

04-20 

;is-s3 

40 S 

04 12 

4 4 64 

3.S-S 

60-27 

44-7.3 : 

‘20-0 

05.50 

14-90 

20-U 

02-!)2 

40-37 

4.50 

04 -Its 

40-00 

47 -s 

02 71 

43-05 : 

20-1 

03-33 

43-03 i 

20-0 

60-43 

17-63 ) 

400 

67-00 

4S'73 : 

.500 

65 '62 

44-09 : 

10 7 

05-97 

4 4-S7 ^ 

17-2 


<100! I 44-60 I 

(>0-72 42'.S5 

03- 40 1 4')-90 ! 

01-4-2 43 07 i 

02 93 45-70 

00-7(1 42 22 ^ 

0203 :;o-6s 

05-(i!) 45-57 

0')'5s 44.03 

04!I5 4.'.-2S : 

07-9'' 49-70 

I it -10 43 54 

0-2(0 42-7S : 

04- 40 44.13 

04 -(^9 40*02 

Oi;Vi 42 34 

.►S-30 :N-4n 

03 so J7-,sii 

09- tf) 40-74 

0*21 45-73 

1^-30 4.5-64 

04-S-2 47-71 

04-4)3 41-:is 

07 45-9S 

05S.3 ' 445)^7 


r/M 

43-;5 
.55 3 
69-0 
40-7 
1 4-2 
12-0 
19-5 
ISK 
32 0 
12-0 
25-3 
-27 '5 
2:M 

23-9 

2)v4( 

12-s 

.50-3 

4)-0 

23- S 

24- 3 
.5.3*5 
1;5-H 
49-0 
27-1 



THK COMPOSITION oK TMK OlL-sRKOs OK INOIA 

avkk\(;k composition. 



M .ar i,. u 

■uAm). 


es.s 

Til 

< h\ 


Vi* 71 

All'Uiiuiuii'l* 

is'i;. 


Si»{u)ilt* (’irtmliN.irili'H 

''AS 

1 1 in 

w.M.a.v ni.iv 

1 - .v) 


Sutiihlv niinvrt) jiiiCtvr 


‘JS7 

Sami 

'n:. 

’•n. 


1(0 ltd 

)<K(’dd 

Tntal Nenv'.*" 

■; .Ki 

ail 



:i :{‘j 

.\ veray;e proportion 

ot >liells and kta-nel 

> : 


M.i.lr lU 

lO.i,, 

K<'l llvU. |MT t Vl\t, 


7! Al 

Sl(. IN. jjiT vvtit. 

:U-J| 

•>*P) 


t'l lllctl I'l*. Cli5li:,l J‘| 


a ;N 

1)7 

n:i-7- 

lVi*A» 

‘Ai-ss 

I'l 

7 '.V- 


1 (O 

Hr: 


.•idl 

1.1 

•la 

Idd’dd 


'A:i\ 

a-A' 

■A-M 

:mii 


• mril I'r.. I'liM, ,1 Vr 


( tif wil(o|r (‘;ilrulat(‘(l 'ill llic :i^>u hi j il ii)M tlial 

tli(‘ slirlls arr lauii'fly in<lii4(‘si i l)lc “ woodv tihri*’’ : 



M i.ll r 


o,li..il*,,, 1 

i.i(. ,i i‘,,. 

Mfif'tm V 

OtI 

SnIuM,- ( 'arlMiltsai.it*-' 

;i':u 

1 

(. id 

iH id 

I 1*!m; 

li'.'ll 

1 HKi 

J VI 
i;{!i:i 

l;i ifi 

WoimU Jilirv 

:i'j 'ja 



ai:;7 

Si.liililv titiuvtal ttialli-r 

■-Oil 

‘JlKi 

I'.ie 

'■dS 

S.iti'i 

dt 

■11 

•11 j 

•III 


1 tOl-IMl 

Idd-io 

liHi'dd ^ 

Hd-iid 

!’< ial N tti'i-vit 

‘J ■ ] t i 

.'•11 

:*H 

;«:t 

:i.'. 

.\il'nii!tTti<ia Nitvi'j'-d 


'.’■as 


sksamtm lNi)U'rM-( I r,i. 

Ar- . Ill }',n(i I, \ 

A'r. . 

Ofowti :i-s 'inu'l<‘ ri<i|i ... ... i 

Orovui in titixoil rrf-i' I 

1 ]|»' of rlii.s nil m'cmI varied <’oii>idiTahly irj size and 

in colour, as well as in ti.c aniount n|’ oil 'Idu' shape of tin* 
•lilFcTeiit seeds ivtiiains constant, hut hr,nn* aia* neariv t\vi<'c as lienx v 
as others ; tlie weitrlit of Hit) sernls varied from about 18 (o 
irratnine.s in extreme ^^as^*s and. excltjdhi;^ such exc<'|)tions. the 


' Hii- ys.'M -iat-r'^n-a !l!|. fretn ) i-iir e/ > '.nr. 



J, WALTER LEATHER. 


3r, 


variation may be sai^l to be from 22 to grammes. The colour 
is commonly either white, black, or brown, thougli some of the 
Central Provinces seed is more of a brick -red. Different specimens, 
however, vary much in colour between the limits named. 

Most of the s{)ecimens were fairly free from admixture of earth, 
and they were fpiite free from seeds of otlier plant.s. On the other 
hand, no sam[)le couhl be called pure, for there was invariably a 
greater or less (piantity of varieties other than the predominating 
one ; in some cases the mixtures could not be designated by any 
coll air in particular. 

Regarding the percentage of oil, the variation is from about 48 
to 52, though some specimens contained as much as 58 per cent., 
and some as little as 45 per cent. These variations appear to be 
in<lependcnt of variety, Province or climate. 

The specimens are arranged in the accompanying statement 
according to the colour of the seed as far as possible : — 



IH-hict. 

! i'ruvinco. 


Dll. 

l*t“r coiit. 

WeiKlit < if 
100 .-ee.b. 



1 


Dnns. 







VA m 

(Jini'a'in 

Punjab 


4b'4n 

:V2:i 

SL>-<U 

Kanjiia 

])o 


.’>.T0b 

•286 

n:i -04 

ITmhalla 

1)0. 


.•ii-ri 

-.m 

i;)l-04 ; Rawalpiti<M 

Do, 


.■)! ‘{IS 

-2S0 

7;V<U 

Seoni 

Cential Priuitu'os 

.. 

49-.’W 

-l.S'l 


.iLiSapiir 

Do. 


47 -.‘U 

-197 

lll-Ol 

Hoshan;;ul);Kl 

Do. 


47-22 

-2.50 


Niriiai' 

D». 


.)l‘S2 

•282 


Daitioli 

Do. 


4,V1.) 

•224 


Sainbalpur 

Do. 


5117 

-2;tt 

liis-m 

Bala;:b;tt 

Do. 


52-4:4 

2:45 


Nai^ind'iir 

Do. 


INW 

•251 


Ch;unl:\ 

Do. 


52-4, 

22 s 



Do. 


Tid-T:! 

• 2:41 

C<)(> - (U 

Matulla 

Do 


.5(1 -K!) ' 

•215 


AliiiicUaliail 

^ IJonibav Prcsi(len( v 


5M4 

•:4in 


Potma ... . ■ 

! 'Do, 


51-22 ' 

‘297 

‘A“>7-n4 

Sholapm 

Do. 


57-7!l 

•286 


Ahmc<lnaj;ar 

i i >0. 



•:4i>l 


Kanara 

: J>o. 


5.5 ‘57 

-A56 


Dharwar 

Do, 

1 Punjab 


.56117 

•;4:49 

18- 04 

Chenftb Canal 


4M'27 

*;i57 

87 04 f 

Muutferj^arli , 

1 Do, 

... I 

18-51 

•.‘478 

«7-04 i 

Mont^romery 

1 Do. 


4G-4I 1 

-291 

; 

Sialkot 

Do. 


4715 1 

•;4i;4 

101-04 i 

jAhalpiiv 

■ Central Provinces 


47-37 

i '228 

HL'-04 i 

i>o. 

Do. 


45-4.5 

•2:42 

199-(H ; 

miaghat 

Do. 


50-44 

-242 

112-04 

HoshanKiibiMl ... 

Do, 


49-90 

■274 

jo^-cu ! 

NarsiniJpur 

Do. 


47 47 

1 

■26:4 

1 



I HK < nK I MK nil.-sKKl*^ oK INUIA. 



N'-'. 

h;-M * 



1 'r. 

t 

iiX' 'ti'i'. 
lOh'V 

j:a' 

Ill 

IKiuhOi 

huiA v 

ki'iuM 1 

i.i-r. 



lit 

M.ui.il.i 

0, 


47 Mi 

; -in 

I;'*: 

iM 

Hairu' 



1*1 f >7 

.o 


-'■A 

Siiiiiliili'ijr 

M,. 


‘iti-77 

■.\A 

'.'U 

m 


I'.U.tM. V 

1 ! 'l<i( 1:, ^ 


< IvN 

.tvl 

ill 

K.iuu I :i 



V.*il 

■ai" 

.It** 

lit 

OhuM.u- 






/: 


s m 

Hi- >11 


1^71 

•.’CiS 

'»} - 111 

rnJsd'.i .. 

IK. 

17 10 

■an 

11.' I'l 


|i... 

I** ..*7 

■a-.i i 

>•» ul 

M a]|< 1 : 1 

, <■- Ml.;l I'tn^nu 

17 la 

■L“'.“i' 




ii;< 

I'l 


( nitr .l I’lJMi.., - 


:u'i 

it:- 

01 

S:iPntraj.iir 

I*'. 

07 

■■117 

JM 

lO 

Oiiiwli 

li... 

.'.'-‘■70 

:u 

':r. 

III 

11 ... 

I>... 

. 0 sii 

■.'*0 

;ii; 

• 1 

IIm. 

ho. 

.'-1 '.M 

‘.V.'fi 

‘-■IS 

"1 

II.., 

1 1 .. 

:.o-:m 

•:io , 

IV. 

111 


I’t.M.i. 1 . 1 

■0 7*1 : 

•:a'. 




ilVn/., /; 



i‘jii 

01 

Niitutr 

r.'in .1 I'm. M l:. , . 



171 

01 

|ini 

Ii> 

•MM 



o| 

I'li.iit.I.k 

|i... 

10 ;is 

■■“ii 

JlT 

01 

l><.. 

I*'.. 

,'.,1 

"JI-’ 


Tin* 

tullnwi li<j 

illii>t i’:iti s till' ovora^i* (•i)ti!|)i 

isilinli < 

if ill 





111. V.I,. 

l:..t, 

111 0 ... 


I 7s 

1 til i 

1 

• Ill 

I'.i im 

is :-1 

ITflO 

.'.iiHi 

AllMiitijri'.i.U 

Hi-:'. 

IS'IO ; 

is-7a 1 

Is 

.s.’liiM.. r;i( l)i,}.\.]r,il. > 

lT‘7'i 

l.'i-ss : 

Hi U 

! I.VfiO 

U.M.iiy liltti* 

1 Ai 

i-oa 1 

10,1 

i 1 17 

Sl-luM'. tlKTl' I.ll riMl'.'r 

1 , im 

1 ; T.'i 1 

0-H7 

s :.7t> 

'in.! 

1 .'! 

imi 

l’7a 

! ‘Hi 


IlNMtll 

100 no 

HKi'im 

HMOOII 

T-t .1 Nitin-. n 


:m:5 

a 00 

a-N. 

iOlHIlilloid 

•J 'I'.i 

a oa 

a 01 


- 




, 



IHK KFFKcr OK TliANSKKKIUNO (rlKSKKhS I'O A NOTH K I i 
KliOVINCK. 

It is kno\vii tbiit iIh* fpii'ility ()\ ;i rrmy in oin.* 

Jiiiotlif'V n'S|K.‘Ct, by tnuisfci’t^rirp to ii diflVrent soil or cliinutc. 
I jjus it fins boon found tljut sii^urcano may [)roduco a [)ooror jiiico 
niter sucb a change, tliou^li rliis is not universally the case. 
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After the oil-seeds had Ixien tested, and it was known that 
some samples contained ap[)reciab]y more oil than others of the 
same hotanieal orrler, sjiecirnens of the richer were in several cases 
‘^Hjwn at farms wleo’e seed of poorer {juiility was ;(ene rally pro- 
dncT'd. Kxceptin^in ^>Iie case, the imported seed was not examined 
and only the miwly-^a’owji seed snhiiiitted to analysis. Alth(»m»‘h. 
in cases, tlje latter was liot S') rich in oil as was the samph 

that had been orii^inally teste<l in this laboratory, there was, .strictly 
speak nothing to compare the iH!wly-»rowu crop with. This 
pnacuition was, however, taken in the case ol some linseed wliich 
was 1 > 1 * 011^1 it t’rom di lie rent places to Ly all pur in tli»‘ Punjab, and 
in tlie subjoined statement the perceritaite fif oil in tlie original seed 
arid in the crop is set out : -- 
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Tliere lias thus been a 

decline tlirougbonf 

it remains to Ik* 

semi 

whether this decline ce. 

ascs, and wluulier 

alter aeclirnatizatioii 


tlie setal will I'egaiii its tormer richinss ov not. 



THK POT Cl'l.Tl'HK HOl'SK AT TI!K A(il{l<'ri, 
Tl'HAP UKSKAKCH I Ns riTl'TI’,. I-PSA. 


Ilv 

.1. WAI.TKK I.KATilKlt i n i, , i.r , .1. , 

iiitp-nitf A’jrn'iifhirai Ch- unsf 

A l?<)T-( l'LTruK I has luM'ii rr'(A‘tril at thr A^j'irult iiral 
Hfst-arch liistitut**. Pusa, in Pnhar, atnl it is pidhahlc that a 
(I' sc-rijitioii of it. thr apparatus (‘iiijilnyril, anti thf iiiftlnxis in ust*, 
may bo inttM'esl to othms wlu) iit ilizn this iimn-his ol iiivcsii- 
;xati(iii. 

7Vo/ -’^riiis iMt'liuit s t wo j)arts : tlir oin; htano a 

masonry laiildin^ in \vhit*Ii t)[)(‘rations may b<‘ contliictod and 
plants ^i^rown at tiiims wlion protta-tioii fVoin sun and rain is 
dosirtMl, tlm otlnn' an tnu'b isuit* prottfUal from hirtls ami larj^t* 
insects hy win*- nett im^. 'flic roniiei* has ai[ ari'a of tt! x .‘17 
leot, tin* latter 4‘J x 47 let't. 

Th*.‘ (‘idlivatitni jai's are j)laet*d on small trollies in the manner 
so common to these installations, and these trollies run on rails 
whicli t3XteMd throiii^di l)oth eiielosures. I^y means ot a eross- 
rail, these trollies may he n/adily eonveyed in any part of tin? 
huildin;^e The iialnrr' of the structure is slniwn in illustra- 
tion No. 1. Ntp '2 shows the interior of the win* miclosure. 
Illustration No, shows that portion f>f tlie housi? which is 
em|>]oyed for mixitio soils, introducing ferliHzo'rs, filling cultiva- 
tion jars, or the execution of hd^oratory operations on a tal>le. 
The door is masonry. Tin- table is fixed a;^ain>t the wall. 
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Tha drim-rail Trolly. — Two patterns of cross-rail trolly an* 
employed in riiffbrent Institutes. The one (which is also commoii 
to the French laihvay system) run.s on a rail on the same level 
as tlje ^eina’al system, and the trolly is itscll above the general 
level. This [lattern is u.sed in the Fot-CulUire House at the 
Woburn A^ih'idtMral Station in England. The other pattern runs 
oir rails Ar/o/etlie gem^rjil \it\ v\, and the top of the tniliy eoineides 
with this. 'Ihis pattern is used at Fu.sa. In tlie first in.stanoe 
the cross rail was 1.1 inches lielow the gi'ound-level, but as th;.'' 
proved ;iij ineoro rtiii-nce wlnai stop[)ing aeiahs.s it, the axles were 
loeeiiily ;il!e)(‘d ami tile cross-rail r-aised to 1 inches froiii tin* 
ground-level fis setm in Flate Xo. 4. It is indeed simple to con- 
strin*t a t tolly which d(M*s not ie(|nir(‘ tlie ei’(e'^s-rail to ))e more 
than nhoni 1 inehes helow tin* ojourid-level, and the less this 
de[)r'essi( HI, the more convenient loi' tin* pedestrian. 

( ' ulh Jors. Botii glass and 
stoneware <'ultivation jars from Europe 
liave heen used, but it was fouinl that 
ipiile suitable ones could he obtained in 
India, and at a h“ss eo.st. The illustration 
Xo j shows tlie [»attern which has been 
adopt<‘d. It has no projecting tubului'c 
at the base, Imt merely a hole. Pr’ojeet- 
ing uibulures are somewhat rearlily broken, 
and a simple hole in the jar is sufficient 
\h‘i‘y generally, indeed, this is elo.sed by 
a eoi'k, as in most experiments no drainage 
rieeurs. The .sizes employe<l ai‘0 : — 
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The siuailest o[' the>o appears in’ latou^h fur 

nht.' pci'h'ci ih-'Vrlopuu lit of spri-lnii ns (»f uio>( ».(' lair tii-ld (‘rop>. 

Tht iMiye Ii< nn Sc.ilt. Priiiripally in oi-(Ut in maintain tho 
prn|M)rtio)i «»i' mni>itnr In soils aNronsiant as posslMn. Init aUo tor 
olhoi" r«/asoM'>. tlio jars ot aiiv oxprnim nl arr woioln il r\ory <!ay. 
K‘ »r t Ins pur|Mt>o it is nrrossai v to (Irtiainiiio tin* ua-iojn wiili 
I’l »n>nlt‘rahlo pita*i>ion. A ililtorml iai sralr is inn sutliriont 1\' 
ih'lii-air tor tlil^ jiiirjio^r. ami a j>lain am s* alf innis 

to li\o * 4 ra!nnn s with a iiiaMinuiii load of jiio kifis lia^ lu rn 
ulopttal. It is >,‘(-n in ilhml rat imis Ni>s, (i to !» Its only 
jnouliar foatui'i' is iho [laii of viirrup^, Imoks, mi whirh tin* 
jar I’rsis w lion hrino w riL^dn il. A fi an t ful s^nit vr of dainauo to 
lai'oo plant s is iho in'no>>sitv lor lilt Mil: hy liainl, K\rn 

llii* small oiirs arc so lna\\ tliat iho opi iatof has (<> lu nd o\, r 
♦ lu* jar \slnn lifting it, iisiilt mu mn mlro^pionl ly in Inokm 
plants, ami tin stirrups wi-rr dosiuin il m oril< r to <>h\i;it<‘ this. 
Win n iisiMl, thr trolly is hroUudit to tin- stMic. ami tin siimipsor 
ll<M»ks ari- pla<'( d on ntln-r side of th' jar as in tin- ilhist ra! ions 

Nos, ti or S: tin- hram is thi-n d'-pr* ss, d liy hand iinttl t In - st irinps 

wdl pass undor oit In-r (-doi‘ ot tin- jar as m illu^lratiun No, 7. oi 
tho hooks uinlor th* hamlhs (No. tt}. din- i-(»rr<(-t wiiohts may 
tin.-n hr plm-od <»n thr pan. W oioliinu n<'(-< ssarily or-riipii-s stain- 
tiino, hut as tin jars ran hr doali w ith at tin’ rati- nf ;;n pr)- hour, 
this is nut iimi d itiat rly lonu, and admits uf valuahlr mloriiial mn 
rri^ai'dinu;' lossih wall r, as wril ;is thi r*-uada(ion nt tin- nioislurr 
111 thr sml In sotin- i-asr> j( unidd Im- wril |<i .suspmd tin- lu am 
sralr trom a pullrv on an ovi-rin-ad rail. !''or rvatiijih-. if two 
rows of )ar> air mi a trolly, tin- wriohinu raniiot hr ron\ rtiirnt Iv 
rxccaUi'd with a srah- Imno Ironi a tixrd point, hut natuialK' tin- 
ahovr arranun-furnt umuld mtail a .^liojit i xita cxpriisr, 

Fdinijj Jttrs. d’hr Usual prat-tn * uf r\ prj imontrrs in 
Europr is to till thr <lnf sod into thr ridtnalimi jars, and to adtl 
watrr aftrrwards at tlio surfan-. For niafiy s(*jj.s this prorcdurr 
is doulitlrss .sullieiriit, hut for sonn-, surh as thr lim- alluv ium of 
the- Irido-(jatiootir plain, I havr found if inajjplira hir, Wdn-n 
sue- h soils arr airalry. tliry orrupy a laiu^rr vohimr Itiati wlnm 
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flriitij), fiinl till' f'oiisocjuoncfi is thnt, it wKtcr is fiddGd Rt the 
surlaci; oi a jar of su<;h sdII, cracks furiii which never fill up 
a^Mjii, and >iihsci jiiciit 1 V add(“d <|Ufintlti<‘S o| water arc apt to pass 
st rai;^litway to the hottoni. In otaha^ to obviate this, and indeed 
as a tnore* [)f'rfec‘t nirthofl of iiitrodueiiijj^ water uniformly into 
soils, tlie is cti'cctc<l in tin* Ibllowin^ nianner. The weighed 

*juaiitily of airaiiy soil i after adding fertilisers where this is de- 
sired) is sptt ad upon lln- llooi', A measured <|uantity of water is 
then ad<!eil frvjiii the niouthpiis'e of a wash liottle, or pi'eferahly 
f?-oni a lumiel with rose’ attaehe<|. in such a way tliat the water 
falls on the soil in diops. After adding sona* of the water, the 
sod IS turned o\fa' and an\' dainp luinps broken down \)y liand. 
Kurt her jMirtiohs of the \rater are then aihled w ith alternate 
wor-knig by hand until the whole (|uantity is uniforndy mixed 
with (he soil. The following ligureswill illustrate the process, 
la kdos o| air'-dr\’ Ihisa sod, spread on tht‘ liooi', received 1 Mt) 
kilos of water ahotit onc-fourth at a time. For this soil thetjuan 
titv of watei- so inlr(alu(*ed is about lU of tlie soil. For other 
soils less of greatei' amounts o(' water arr* introduced, according 
to their natur<‘. The aim is to introduce a (piantilv of water 
which will damp the earth, without, howcvei'. making it s(» damp 
that tht‘ clay could he ’‘ puddled" wluui tlie jar is tilled. 

The ilamped eai’th is now hlled into the |ai\ and as each 
handful is intiodiUHai. it is levtdied and [Ucs.sed in ({uit(' firmly. 

1 1 is dillicult to I'xplaiii in w riting i‘\a(Uly how firmly, hut the 
doubled" nr “ chuiclied" hand is pressed down on it neai’ly as hard 
as the op( rator can ilo this, without in any way beating the soil, 
ddu' nu'tlnal results m very uniform jiaeking indeed, the variation 
being eel tain Iv less than .a by voluiiu' hrUween extia ine eases, 
(waui wlnui nmn’ than oiu* optuatnr tills a set of jars. By this 
nu'tliod tliei'artli heeonu’s lu'arh' as comjiaet as in the Held. In a 
s('t ot jars reeeiitly filhal. one cubic foot (‘ontained Ib.s., wliilst 
tile subs(ul id' tile locality contained 7a to 87 lbs. [ler cubic foot. 

Addifii>n of' f'rrfdi.^crs. Most suI)staiicos. wliich it is desired 
to add, arc introduced wliile tlie soil is in the air-dry state. The 
weiglied suhstance is first mixed iniimateiy with a small liandful 
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of the soil oil :i hoMid, aiul a furtlitM' luuulful of soil is then iiii\o<l in 
also. This <li’S' [uovilery iiiatnial is then s<- lU rml uiiit'orinly ovia* 
the main jiottioti of dry soil lyiiiy on the tlo.ir and the mixtnie of 
the whole e<inijdeted. 

Nitrates aie >omi'tiine^ addrd to the yiow inii: pliint in irri 
'^atio.M water, hut in other e:i^rs ^ueli '^uh‘.tanors art* ad^lt il to the 
>.oil as de.'.erihi il. 

. f»f e o/re. K \ | H 11 1 m n 1 1 I s ha\ o oinjdoyod v arious 
metluHls ol .oldmo; watoi. 1 >\' si tno i! is siin|ily jiouiial on to 
th'* surfaei ; h\ othei> it is ill! I odutt » I t o ( Ih hot toll! of ( lie jar 
hv nil ails of a tuho. or nioio rairly thiotiuh a pnious rylindoi 
[ilae»*d vritieallv in the U|)[>rr }iait o| the soil, So tar as I am 
aware, tllo lattrr fias oen< lallv |)ioVi d a lallun-. addition ol 

wati'l' at thf sui'laer oi x iiii- indiati soils had, liowovcr. horn so 
jiro<hielivo of oiaekino and eakiny. tliai oxju rimrMts w nr niadr 

dnniiLf llio eold wcatlni ot lim.eil to delriiiiiiio whetln-r (h<‘ 
water eoTlId lint hr ilitroduerd hrlow thr >urta<*e. so as tn|He.ser\r 
this in an ■' ojirii ■' miidltion, Uoih drrji and shallow jars weir 
rm|doyed. ainl tlil'rr formnl a unit. 'To onr tla' wal' r was addrd 
at tile sUI’laia;. to tllr srrolld it Was ililiodurrd hv a tllhr (o the 
liott'iin of the jai- and into tlir third it was int ro<liirr(l hy means 
of a poi'ous evlmdrr This lallt i m< tliod is vny eommonly rm 
jiloyi'd to iii'iLiatr trrr> in India, in whieh rasr a porous sp}irii<-al 
vosse] is slink 111 tlio ri'oinid nrai tlir hasr of ilir t rrr ainl krpt 
full of wato!'. Tli(‘ samo wri-lit of watn was always addrd lo 
tin- tliive jars of any om m I, No iitaiiui'r was employed. I'he 
plants loats) wa-rr n (Imaai to |0 in raeli )ai aft er oejinmat ion, 
and atferwaiils to live, and fiom ilio wriopj ol the ihinmno's an 
estimate was inado of tin rale etf oiowlli; fmally, the wn;,dif of 
the harvested [ilaiits was olitaiia d. Tli<' result is shown <liaoram 
matieally (chart No, Id i, and it is clear that, at hast lor lliis .soil, 
then- can he no douht ahout llie on at ad\ania;^n- <d' iiitrodncino 
water below tin- surface. The jaj> to which watc-r was added at 
the liase produced the iiiost, lliost* to which it was introduced 
through the porous cylinders came next, and, tlilrdly, tliose irriga- 
ted at the surface. A <lithculty wa^ indeed ijxperienccd in adding 
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Witter ([uiekly hy eith(*r of th(‘ former metlKKls, because it perco- 
iat^Tj very slowly not only through the porous cylinders but also 
into the- soil at tfie ba.sr3 of the jars. Moreover, the latter method 
necessitated the use of a funnel and tube wliich were incon- 
venient. 

For the present, jiorous eyliiiders are employed, and in order 
to admit of the* moi'c expt.'ditious percolatif>n of the water, they 
arc pn‘i'(‘<‘d with small Indes in the side, and are also made as 
large* as is compatible with the size of' the jars. The (juantity of 
water- trans[)jred by [ilaiits wlien gr-owing vigorously is consider- 
al>hi — a dozen young w heat plants may trans|)iro ujiwards of one 
kilogramme p«‘r day, and usually tluj whole of this cannot l>e 
r(‘dntroduee*(l into the soil in le*ss than a coujde of hours. The 
!'('sult is, however, entii'idy satisfaetory so far as the surface soil is 
eoneeriu'd, since it i etair»s its loo.se pulvei uleiit character and cracks 
and caking arc avoided even when the [proportion of \vater is 
maintained at 20/, 

77o'nmnf/.--\[ore seeds are usually .sown in the first instance 
than tin* numher of mature plants ultimately required. Thi.s is 
ill part m*eessaty since faulty g^'rminatioii is ,so frfMjUcnt. But in 
addition to this, surplus j)lants [provide a means of forming an 
estiinatr* of the w’cight of the [daiits during the initial [Period of an 
e\[>eritm*nt. After tlie young [plants have fairly estahlished them- 
selves, tin* niimhermay be redueid, and those wliieli are cut out, 
weighed: frt)iii wliii*h tlie above data are calculated. Discretion 
is naturally used as to which [plaiit.s are cut <piit, and these may 
In* smaller than those remaining, so that the e.stimate involve.s 
.sonu* inaecura(*y. hut w ith good seeds, [pnpducing uniform germin- 
ation, this .suui’ee of inaecuraey is very small. Thinning is more 
Hartieularlv iiserul, for annuals, during the oarliei' sta<i^es of 
growth, iietore tlie [plants have tillered much; if done later, tile 
remaining [plants will not de\elo|) niori* tliaii if the number had 
mit been reduced. 

































KXJ'KHIMHNTS ON THK AVAII-ABII-ITY OF 
PHOSJ’Ha'tKS ANI> I’OTASll IN S(MhS. 


liY 

.1 WAI/I'KR I.KATHKH. i h o, k i c, > o>, 

I /I tfrxrult^i (‘h^xuist . 

DiKiNc th«‘ veJirs lilOl to IDiKl plan Is lia\'o l)ocn ouilivatod 
!iy j lot -cult lire methods, with and wiilmut tlic aid oi‘ lortilizcrs, 
in a iiuiiihcr of soils wliicli liavt- hreii hroiii^hl rnnn ditlei'cnt 
jtarts ol’ India. 

The principal ohject in l icw has hiaai to test how (;ir tlm- 
ohemieal method, which was advaiicod hy l)yi'i’in ISlM lor the 
<'stimatii>n c>r H sufhciency or deticieney of phos[)hat(‘ or potash 
in soils (/'e/r Trans. Clnan. Soe., 65 .. 1 1 a- 1 d7, and Philos. Trans, 
J{oyal Sue*,. S^aies H., \h>l. ilM, [)p. is reliable Generally, 

This method consists in the di^^ostion of the soil at room tem- 
perature ill a 1 p('r cent, solution of (*itric acid forsei^mi tlays, on si,\ 
of which tin* mixture is agitatt d fretjuently The solutif>n is then 
separated Ijy filtration and the jihosphoric acid and p<itash present 
in it determined. Althou^lj such a method is olivioiisly (‘inpirical, 
nyei standardizod the valm* of its indications hy means of a 
e(>nsiderah!c numht'r of soils ot‘ the Kotliainsted Kxperiment 
Htation, the agricultural value of which for certain e'nj]>s is well 
known. The outeoinc of his work may lie suitahly i|Uoted from 
the second ol the pa[)ers nann-d. “The jnohahle litiiit denoting 
[iluesphalie deHeienev for cereals seems to 1 m\ as deduced from 
this investigation, between 01 and 00 per cent of eitrie-aeid 
soluble [ihosphorie acid in the surfacr* soil. That is to say, a 
[lereentagc as low as '01 seems to denote an imperative demand 
for phosphatii* manure, while as mueh as y:! would seem to 
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indicate that there is no such immediate necessity. For root crops, 
especially turnips, the limit would probably be higher.” (Page 269.) 
“ In tlie paper on the Hoo.s Field barley soils a tentative conclusion 
was drawn that the percentage of citric-acid-soluble potash in 
surfecesoil, indicative of potash hunger for cereals, would probably 
be Ijclow ‘005. On considering the re.sults of the wheat soil 
analyses and (jther results obtained in the interim by other workers 
wh<j have applied the method to other soils known from other 
experience to be resptmsive to the influence of potassium salts, 
the author would now be inclined to modify this conclusion by 
suggesting that when a soil shows as much as *01 per cent, of 
eitric-acid-solul>le potash, by this [jrocess, it may be regarded as not 
demanding any s[)ecial M[)plication of potassium salts.” (Page 275.) 

There is otie j>oint which must be referred to here. One 
of the first ([uestioiis raised, after the publication of Dyer s first 
[)aper, was in relation to calcareous soils. Obviously the calcium 
ear])onate present in soils will fortliwith react wdth the citric acid 
resulting in tlie forniati(jn of calcium citrate and carbonic acid, 
and the soil is then in contact with a solution of these substances 
togetlier with any excess of citric acid. 

In order to illustrate the bearing of this point, the following 
figures si low the ipiantities of caleium carbonate in a .soil whicb 
neutralize each tentli part of the citric acid employed ; or .since 
10 grins, of the acid are employed per 100 grins, of soil, the 
figures show the percentage of calcium carbonate neutralized 
by each f grin, of the acid. 


Citric licit!. 
(Iriii.s 
I 


4 

[j 

B 

5 

s 

10 


I'alcirn] Carboiialf. 

Grins. 

... 1*43 

... 2 86 
... 4*29 

... 5‘V2 
... 715 
... 8-58 
... 10-01 
... H-44 
... 12-87 
14-30 
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Thus ovon if tho soil contains so hi^^h a [>n^|>ortion of calriuin 
ortrl>onatc as 7 ‘la per cent., ont^ lialf tlu' eitrie aei^l remains, ami 
tlic maj<jrity of soils contain eonsulerahly less than this. The 
Kotliarnstecl soil, on which Di*. Dyer w orktal, contains laily ala ait 
ptTcent. of calcium carlxaiate, which would altta* the coinp<xsition 
<»f the acid solution in tally a mima* tieorree. 

Two of the soils whi<*h liavt' heen included in my cxperinuaits 
cMiitained, however, upwards ot 10 pci' cent, ot calcium carhonate. 
anti tht‘ citric acid htx'tancs in such a ease entirely ncutralizetl. 

Dr. Dyia* in a postscript to his tirst papta* r(‘eommt‘mls that 
in such cases an additituial tpiantity of citrit? acitl cta’resptintiini,^ 
to the <[uautity t>f calcium carbonate “ iiiiLiht rtaistaialdy ht' juldt'd 
0> tilt' solutitai." If, ht>wev(*r, tliis is done witli ihc.se hi^jjlily eal 
carcous .soils, the soil eonstituonts are not im'rtdy t*.\ post'd to a 
stdutitai of citric acid, hnt citric acid plus a hirin' amount t)f eal- 
cium citrate, ami carhonie acitl. And imli'cd an t*v<m more iiiipia l 
ant circumstance is tin' fact that the jiartlch's oi“ eaicium carhom 
att' arc entirely dissolved, Phos]ihatt'. whicli in such a sod may 
he present in tho interior tif these [larticlcs, is tlius hrou^lit into 
actual coiihict with tln^ solvent, whereas tln^ ith-a umlcrlylnj^^ the 
nseof the solvent is, that it will only ht' in coiit.ict with phosjiliaifs 
which are t'Xposetl to plant rtiots or soil atpn'ons solutions, /.c., 
to jihosjihates which are on tin* e./Veymr of soil jiarticlcs. It is 
hardiv, therefore, to be cxpr^eUal that tin* same result will be ob- 
tained as if tin* soil particles remain as far as ] possible intact. Tin* 
circumstance emphasizes a W(;ak point in the method. The 
followinj^ figures show the dilferenee in result r^btaincal (r/) by the 
use of the usual 1 per cent, solution, and (h) this solution jilus the 
extra citric acid, respectively : - 


Ry I rcr o/nt. c itric 

af;:!'!. 


By Hijfrjdcnt f'itrin .arid 
U) ncutraliw! (hr? ral- 
<iiirri rarlt^inaty jdijn 
llio iiRiial 1 per rent, 


PA.. 

Seeraha soil containing 41G per rent. Ca COj ’••01 
Pusasoil „ ,, ’OOCQ 


KA. 

•0CJ02 


■(Jill 

•(K>15 


KA. 

■m 

•B 0 H 5 


It will hit seen ]>resently that the Seeraha soil is certainly 
much in need of phosphatic manure, and that potassium sulphate* 
produc(;d positive effects in some cases. The Push soil has proved 
to be much in need of phosphates. If then tlie extraction liad 
been made with the extra citiic acid, tlie analysis would have 
indicated a very doubtful requirement of phi)sphatos in the 
>Seeraha soil, and certainly no re(|uirement of potasli. The pot- 
cultures on the other hand leave no doubt that these soils respond 
to [)hos[)hatic manures, and the Seeraha soil i)robably to potash. 

The literature on the subject imdudes two pa[)ers. One by 
T. B. Wood (Trans. Cheiii. Soc., I HOG, 69, p. *290), where evi- 
dence is produced, showing that the use of the extra quantity of 
citric acid wi>uld liave given a result indicative of a sufficiency of 
readily available phosphates, when in fact the soil res[>onded to 
]>hosphatic manures ; the other by Cousins and Hammond (Ana- 
ly.st, 1 90H, 28, 2d8), where the evidence indicates the desirability 
of using tlie extra citric acid. This latter evidence relates, however, 
to land bearing bananas, a crop so entirely different from cereals 
that a fjuite different “ limiting figure” may be a])plicable. 

It is unfortunate that the conclusions on the subject are so 
contradictory. It seems to me preferable to adhere to the use <d 
the simple 1 [)er cent, solution, and if, when it is applied to any 
particular class of .soils, the limiting figure for phosphate or 
potash, as proved by actual trials with plants, is shown to be 
different from that which Dyer deduced with the Rothamsted 
soils, to then adopt this particular limiting figure. It is to he 
rect Elected that the method is not merely empirical, but that 
a limiting figure which is a[)pli cable to one description of plant, 
will m>t necessarily apply to another plant of widely different 
botanical character, period of growth, root range, etc. Dyer 
himself empliasized that the limiting Ggure he found would not 
necessarily apply other crops than cereals, and “ that for root 
crops, especially turnips, the limit would probably be higher” 
(oide ante). 

It must be held to be a matter tor regret that nearly all who 
have proposed methods for the estimation of available plant 
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fiHxl, liave iMM[>loyi‘u an acid as tlio solviMit. Sucli solvents 
iiecfs-strily attack tlic surface of the pirticl<‘s in a nuinner wli(>lly 
vliti'ereiil fmin the lunitral st>lutiens present in the si»ih and as 
has hern poiiitctl nut, ilissolve u[) pai'ticles caleiuin carl>nnate 
entirely, thus e\po>ini^ plant food tn the solvent, \vl»ieh in I lie 
soil is present In the /n^'c/e/* of particles. Xo dimht llie ijuan 
tity nt’ matci'ial, wliieh a neutral soKanit will 4llssolve, is inucli 
less than would he Ijrouj^ht into solution hy an acid solvmit, and 
difficulties arise in the detmanination ot such niinutc (juantities, 
hut the iundainental defect attaching t<i a<‘id solvents nev<*rtlne 
less remains. 

Till' soils wliieh have ht‘en suhji'et to (“\p»‘rinietit at Dehra 


Dun and (latt-r) at Pusa, 

complice the followin^^ : — 
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Kor (‘ereals, whic-h hav<‘ so far hceii principally included, the 
Delira Dun soil would h^‘ eonsidered suftitaeiitly well supjilied 
with jiho.spliates and potash, atid tlni (lodavari soil prohahly so ; 
the other six soils won hi be e\ piloted to respond to phosj)hatcs, 
and four, namely, Seeralni, Push, Jian^alon* and (hKlavari K 
to potash. 

The first two years' exjicrinients were made while the cheini- 
eal laboratory was at Dehra Dun, wliere the conditimis for this 
class of work were in many res[)ects f>[)posed to accuracy. 
a thatched hut was available, and the cultivation jars Inul to he 
moved by hand ; nor was any means avaiDble for inaintaininc; the 
moisture ver}’ constant, such we now have. But the chief obstacle- 



proved tf) 1)0 rats and squirrels, which could not be kept away at 
ni<^ht and dania^^cd in ^roat measure many of the mature plants. 

Til some of these eases an estimate of the weight of the 
entir<* jilants was obtained when their number was reduced in 
each jar, and these figures aid in drawing conclusions. 

''Fhe tevperiments of 1906 made at Pusa were free from such 
untoward incidents and iire in consequence more reliable. 

"J’lie details are set out in the following pages, but a graphic 
summary may f )0 here inserted. If the sign + is employed to 
dcn<»te a {msitive result, whilst the sign — a negative one, ± 
whori! the outturn of grain is negative, but that of total dry 
matter [>ositivo, and ( where the indication is doubtful, the nett 
n'sults will be seen at a glance. 
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d'his representation sliows that great dependence may be 
plaei'd <m Dyer’s method, as also Ids limiting figure for phosphates 
even in soils of a widely difi’ei'cnt imture. In the whole list, the 
(Milt i vat ions have yiebbal a contradictory result in two cases. 
The !S hi Hong soil sliould have been benefited by phosphates, 

and \i dependence were placed on the experiments at Pusa 
(carried out with the moi-c perfect appliances), this exception 
would disappear. Tlie (jodavari V soil should hardly have 
re^iondod to phosjihatic manures, whilst it has done so to a greater 
or less extent. 

The effect of potash is similarly characterized by contradic- 
tory results in two cases. The Shillong G soil has shown a 
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jxisitive result whore it was lianlly to l>o oxpootod. nyor’s tost 
violded *01 K,() which is Ids liiuitinj; Ht^uro. The Han^j^aloro 

soil should have oivon a positive result with potasli manure, but 
lias done so with only one crop out id throi'. It is always to ho 
recollected that neither Dr. Dyer nor (ither ex[>orimenters liavo 
advanced this method as an ahsidute one tor deterininino- wliether 
it will pay to apply specitie fertilizers. On tlu' contrary, it has 
hecn regarded as one whieli mu.st neivssarilv ho employed with 
.sotno eaiition. Our knowh‘di^m of the nature of the phosphates 
and the potash ooin|)ounds wlneh aetually exist in the si)il is most 
imperfect, and, as Hall and Anuis (Trans, (’hem. Soc., I90(), 89 . 
p. 20.")), have pointed out, tlie amount of a si)il etiiistituent which 
j)}us.ses into solution in a^dveu time de]>eiids r.ot only on its nattna* 
hut also on its mass. Soils in different parts nf India iliffer very 
widely in com[Hisition, and whilst W(‘ may apply the 1% solution 
to tliem witliout exception, it does not follow that tln‘ satnr'. 
limiting hj^ure will apply erjimlly to all. Finally, the nature cd’ 
the ])lHnt which is irrown must always jday an important role 
in relation to this limiting Ho\ire. 

Nevertheless, and altln>u^di I make these several reserva 
tions, there cannot 1 k> any dimht tliat tin; niethod is |>rovin;.r 
j^enerally useful for ordinary a^^ricnltnral land, ‘'njoyin^a rotation 
of crops, one of which is usually a (Mua'al, and that the limitiii;^^ 
fijrure [>rnposed hy Dyer is much rnon^ ^^encrally applicable tlian 
ini^ht have been expected. 

The details of tlte ('Xperirnents are set out in tin; followiri;r 
para^aaplis. 

Dehka Din Sr>rL. 

This soil is derived from shale arnllimestone of t]n‘ Mima 
lavas and is a rich soil with excellent physical charaeteristics. 

The chief analytical data are as follows : 



Per cent 

OCO| ... 

41 

Tout P,0, 

... zm 

AvallAble P.0, ... 

... 146 

AvaUabieKfO ... 

... -022 

Organic Nitrogen ... 

... *181 
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It WHS only (jiniiloyf-d in one season’s experiments 
wlien wheat and ^ram wen; i^rown. Thu outturns were as 
follows : 


WKIGHT ok WHOI.K CROi-ft {(iRMS.). 


M.innre. 

19a‘t-4 

19aT4 


Wheat. 

Oram. 

A'rV 


4.V5 

Nitrate . 

H-J-0 

45H» 

Nit r.ite and phosphate 

(it’ll 

VWI 


The same is sot out L^rapliieally on the ohai't No. 1. 


Teik Seek ah a So el. 

This soil is re[)resentati ve (jf a large ai*ea in Belmr and 
jH>.s.ses.ses two ehiel' characteristies ; firstly, it oonsi.sts entirely ot 
very fine material, and like the whole Indo-Gangetic alluvium 
contains no stones ; secondly, about one-third ot it is chalk. 

Tim following are tlie chief analytical data : — 


(-’aCO, ... ... ... ... 41-6 

Tdt.il l\ 0 | ... ... ... ... -097 

Available P.A - ... *001 

Available Kp ... ... ... ... 008 

Nitni^fp. ... ... ... ... -040 


It was eni[)loyed during toui' seasons, the ci'ops being cereals 
in eaeli case. Tlie results me .set out in the following .statement 
and on chart No. from which it is evident that both phosphate 
and potash had a definitely positive effect. 


WKir.HT OK WROr.B CROP (CRMS.), WglUHT OK CRAIN (CRMS.). 
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1906 19(B-4 19iM 1904 5 
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1906 

Korio. 


mi 

Nitrate 

Nitrate an«l phospli.ite . 
Nitrate, pho^aphate and 
potash 
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The Pisa Soil. 

This is similar in all ros|>e(.*ts to tin* Sot‘ralm soil, Imt was 
ii-st inchuhMl in tln^ oxjMoiinents in the rainy st^ason oJ 1000. 

Tlu‘ chief analvtifal ilata are as follows : 


1 a(H), 

.. 3S <ia 

TnC.l P,Oj 

HI 

Available P O. ... 

0003 

Available K,0 ... 

... 0002 

NiOn^(<M ... 

(MiO 


Tin* croj> ^rown was Kotlo (Paspaluni scrohiculatmn), ainl 
tlio vicKIs were as loilows : 


M 




WrijTlit wti-:.- w. iK'lil -I 

t FUJI (v'tUl',). 


Sil 

no 

1S-7 



•jns 



■.T7 

The eiiait No. O illustrates the 

same 

‘sult. 'idle same soil 

been utilized for similar e\| 

lerimenl 

s durinjj; the current 


sf;is(ni. wheat heintr the ero|L and tin* < tfeet ot pliosphatr* is even 
more marked, Tlie etl'eel oj piHash was not testeil in the lainy 
>eas<in of l!)00, l>ut jud^dno he the present season’s plants its elli-el 
will he negative. 


I^ANOALOIIK Soil, 

This is derive-d from the laterite, and is .Mm.se(jnently highly 
tV‘rru^inous, It holds only a l<i\v pro])ortion oi watei. \\ lien 
wet, it <lrain.s readily, hut at the same lime eonhiiiis so much 
plastic mateiial, that it is adhesivi* when datn]). Tin* cfiief 
analytical data are : 

CaCO, 

Total P,0, 

Av&ilableP«0» 

Available 

Or},'anic Nitrogen 


■i)h2 

CX)47 

0023 

0D9 



54 


J. WALTER LEATHER. 


Cultivations were marie rluring three seasons, namely, thr* 
rnonsr)ons of 1004 and 1000 and the cold weather” of 1904-05: 
the crops being Murwa (Eleusine coracana) in the former, wheat 
in the latter. The plants of the first two seasons were interfered 
with by the de[)rodations of squirrels and rats, and ultimately tho 
only de[)endab]e index of the effect of the manures was the estimat- 
ed weight of green plants at the tiine the number of plants in each 
jar was reduced. It is clear that the phosphate had produced a 
[)ositive effect at this time, and the cultivations of 1906, which 
were free from such errors as the above, leave no doubt of this. 
The effect of potash has been however much less certain, although 
one might have anticijiated a ptjsitive result. 

Tim weights of plants were as suhjoijied and the chart 
No. 4 refers to them also. 


Weiuht ok crops (orm.s.). 


Mftnurt’s. 


sa 

Nitrate 

Nitrate anH phosphate 
Nitrate, phosphate an<l potash 


1904 

1904 0.1 

Miirwit. 
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1 
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1*66 

6a'> 

I'SH 

,V0*J 

! 2-nH 


1 


\m 

Murwa, 


10*6 

aoi 


Shillono Soils. 

Two soils had been received from Shillong, tho one being 
considered good, the other distinctly infertile. Examination in 
the chemical laboratory revealed nothing which would account 
for such a difference. Apart from other characteristics, they have 
proved to he very similar in their productive powers, and the 
difference noticed at the place of origin has not at any time 
exhibited itself in my experiments ; both soils have proved to be 
very fertile. For purposes of differentiation their titles of good ” 
and “ bad ” have been retained. They are chiefly characterized 
by a hdgh proportion of organic matter (3*09 per cent, organic 
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carbon) and great wnterholdlng capacity. The chief aualyticai 
data are as : — 



“ Uooil auil. 

“ BjmI " soil. 

c»cx>, 

*088 

•oso 

Total 

■otjy 

t)W 

Available Tfii 

OU 

•006 

Available K,0 

•010 

•012 

Or^«nie Nilrugtn 


m 
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Murwa was cultivated in the monsoons of 1^04 and 1906, and 
wlieat in the cold weather of 1904-5. Like the corresponding 
plants of the Han galore soil, these sutfured from attacks by rats 
when the wheat was ripening, ami the oidy index reinaiinng of the 
etfeet of tile fertilisers was the estimated weight of the green 
plants when the number lii each jar was reduced. The elteet ol 
phosphates in these soils is doubtful, wliercas it shouhi have been 
[>ositive in both. This may in part be due to the absence ol 
nitrogenous manure. In other experiments it has fre<juently 
been ol»served that, even tlnaigh a soil is deficient in available 
phospliate, a positive etfeet of this plant food will only be realized 
if a nitrogenous fertilizer is added at the same time. In sueli cases, 

o 

however, there was likewise a deficiency of nitrogen in the soil, 
and the combined effect of the fertilizers has been Just wliat is 
bamd on similarly characterized plots at Kothamsted and 
Woburn. Hut when these pot cultures were commenced, the 
antici|)iition was that the JShiliong soils were so well supplied 
with nitrofj'enous organic matter that added nitrate would have 

o o 

little or no effeet, and with the limited amount i)f soil available 
the distribution of fertilizers was made on this basis, I^^iter, 
after the effect of the “ complete ’’ fertilizer was observed, it was 
too late to re-arrange the treatment. For several reasons the 
most reliable result is that obtained in the new pot culture h<juse 
at Pusa, and with that .sejisons experiment pliosphatc had a 
distinctly positive eft’ect. I consider it probable therefore that 
the indication provided by tlie analytical method in 1903 was 
correct and that phosphates would generally react positively with 
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thin soil. The yields am as subjoined and are also illustrated by 
(ihart N(;. 5. 

Shilujng Soils. 





“ ( HmjU," 



‘ Bad. ’ 



Mam. KK-'s, 


: 11*01-’, 

[ 11*00 

11*04 

loorr, 

190*i 


i 

Mnrivtt, 

. Wheat. 1 

1 Murwii. 

Murwii. 

Wheat, 

; MurWii. 




Weight of lehofr croj/ {fjnm.). 


XU 




M'H 

4J‘5 

',57* 

;«■! 

Uhospliat*.* 


4U'L 

'.%• i 

:«7 

■lO’O 

r):r 

41 s 

Poei).(h . , 



‘\.y 

r.i'2 

49'f^ 

‘54* 

;ni 

I*hoip!iate, 

IfOUwh .umI iiitriitr 

7V7 


Ji9-1 

56’J 

1*06* 

74*4 




iVthffit 0 / /frnin {gn/ui. 

). 


Xtl 


Hi 7 


rji) 

! 15' 1 


rj-'.* 

rhcHphiil<‘ 

IVilash 


1(1 1 


Ui-s 



17-5 


l‘J-J 


n»-j 

14'7 


1 ll'H 

I’liOHpJinf** 

p<il iisli uml nil 1 :itf' 

i 


•jrt'A 

1 10'7 

1 


j ln-h 


' wri^hL per pi. ml on .January l^th, 


Thk (Jon AVAR I Soils. 

The sdil dt till' ( id<la\ ii)-i Delta is lar^ody l»la»;k (‘ottf)ri soil 
of a vt'ry stiH' teiiiieidus type and is [irdhably alluxiuni brought 
I'roiii the similar traets dt‘ tlie Indian j>lateau. It was known that 
inueh of this land eontained low proportions of lime and phos- 
phate as determiiii^d in the lahoratory. and suthcieiit earth was sent 
from two villages for three or four jars. But tliese |>ortions con- 
tained ratlierinore phosphate thaii was anticipated. The follow- 
ing are tlie analytical data : 
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Cultivations were inadt" during thrcv' seasons, and the yiekls are 
set out in the subjoined statement and on chart No. 6, 
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Godavmu Soils. 
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Th«'st‘ soils iuivt* till* K“ast data o( any in 

tin* si*ri<‘s : \’^atlhuniir sliouM liartlly iia\i* a |>ttsilivi‘ 

ri-artioo with j>hosj)hat<* : ‘‘ lia^aiopota should liavo thtuo .-^o 
As tin* tlata show. tlu'V ha\(* both r;‘a{‘to<l siudlarly, tho first (Mop 
was ucifutivo. tho socoiid dad it fully po>i‘ivo, tin* third (listincily 
positiv(‘. Tin* latter, '^mowii under the tnucdi inoi-c salisfat'tnry 
(•(Uidilio'is at Pusa. is the most loliahle, 
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PLUS POTASH. 




PUSA SOIL. BANGALORE SOIL. 





RELATJVE YIELD— TOTAL CROP. 



POTASH AND NITROGEN 




relative weigh r of total crop. 
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N1TRCX3EN, PHOSPHATE AND POTASH. 




IMIKKAt'H. 


In this Mt'moir Mi'. Arnoli Mrinils tin* df lour 

iir;Uii which hiivc hccli cunsl nictiil ut IhisM. 1 he (lclail»'<j 

irawiii^s aid (he [ilc )to«^ra [)li> illustrate coinjilctcly the uicthi><l 

It will h(' ot intcrcsi it, to thi-' «)cscrij>tiou. is aiMisl a nofi* nj 
tile ju'iucipal uses to whicli tlu'si^ omii^rcs iua\' he jiut. 

It siu’h blocks ot earth, as are relerred to. ari' isolated, tiieii tlie 
water wltieh |UTeolatcs through them diiriu'i wet weather may he 
measureil aial <!onipared with the rainlall ; it may also Ik* e\amim>d 
eheiuicalK'. It is possible in this ntanner lo obtain data re^oirdliie 
the follow in : — 

(u) 'Idle amount of water wiiieh p(‘reolat(‘s per unit of time 
and its n‘lati<jn to rln^ rainfall 

(A) ['he amount of \vat('r ilowini' off the -urfaee (Inriiitt 
storms, 

^' ) d'lie proportion of rlu* rainlall which (*vaporates. 

(d) The (effect whicli erowino plant- exert on tlies'* pro[»or* 

dons. 

if.) Tile amount of :iny jilanf toods whieh pass away in such 
drainage water. 

The most rajinplete records whicli iiave been maintained in 
other Countries <jn this subject are those at Rothamsieri. whieh 
extenrt over a period of Hi) yiuirs. and admit ot tin* tollowirio 
deductions beint( <lrawn : — 

(1) The amount of percolation in any year varies rlirectiy 
wit]) the rainfall; thus with a rainfall r>f li incites tim percolation 
was about 25 indies, with a rainfall of IJI o inches percolation was 
6 inchea. 
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{2} The amount of evaporation is very nearly constant, and 
is slightly greater in wet years than in dry ; thus in the two year^ 
referretl to, with a rainfall of 41 inches the evaporation was about 
16 inches, whilst with the rainfall of 19 '5 inches the evaporation was 
about 13 inches. This is the opposite of what is usually supposed 
and is probably due to the fact that tfje greater part of the evapora- 
tion occurs immediately after rair*. 

Regarding these two points we have a certain amount of 
information also in India. Four gauges were constructed at 
Cawnpore in 1 903, and the four years’ data go to show very clearly 
that the conclusion arrived at from the Rotliamsted gauges will he 
confirmed here also. Tlie following .statement embodies the chiet 
items relating to this part of tlie subject : -- 


PoricKl. 

1 Ramfnll. 

j 

Pcrcointion. ' 

Overtlow. 

Evaporation. 

.Itmo 1903— Octoljer 1903 

1 

•Jfi-U 

11 *.5.5 

Wi7. 1 

j 14*59 

October 1903— October 1904 

45*66 

25*.5S 

40 

16*08 

Octoljer 1904— October 190.1 

20*62 

3*03 j 

Nil 

' 17*59 

October 1905— October 1906 

.36*50 

18*72 1 

mt. 

17 78 


It will be seen that (a) the amount of percolation varies 
directly with the rainfall ; (b) the amount of evaporation is fairly 
constant. 

Regarding the surface flow during storms, provision is scarce- 
ly necessary for this in Europe where nearly the whole of the rain- 
fall is absorbed by the land directly. In India it is clear that 
during lieavy falls of rain which are so common, some water flows 
off the land. Tlie Pusa gauges have been provided with means 
of measuring the amount of this overflow of storm water 

In reference to the composition of the drain-gauge water, 
the chief factor which is being recorded at Rnthamsted is the 
amount of nitrate Those gauges are kept free from vegetation 
and the quantity of nitrate which has been carried away is equal to 
about lbs. of nitrt>gen per acre per annum. The Cawnpore 
gauges have yielded very much larger amounts of nitrate ; this 
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soil had be^n heavily man n ml tor aome years previous to the 
construciion <>f the gautrea, and this large amount of nitrate is no 
doubt readily accounte<l for in tliia manner. The gauges at Pusa 
drnve been made in land which has not been either cultivated or 
Ijcuvily manured for a long lime, ami the amourit of nitmte jiresent 
in the dniinage water last year was very hinall. 

riie ed’ect of plants growing on sucli gauges would be 
undoubtedly to use up much of the water ami plant foml which 
percolates in the absence of vegetiition. How great this etlVct is, 
has St) far been ascertained in only a very general way ; the inten- 
tion is, however, to grow crop.s and grass on some of the Pusa 
iraut£es and so obtain data in this direction also. 

I’here can be no doubt that information obtainetl by drain 
gauge.s is of very great im[>ortJince, es[)ecially in India where practi- 
adly nothing is known at present of what becomes of the rain 
w’hicli falls on the land, and observations by means of them in 
different places is highly desirable. 


Pusa ; 

1007 , 


J. WAI/l'Kll LKATHKH, 
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M. H. AKNOTT, M.issT.r k, 

S}ipfritt!’:7L(i\i'(f /'. H' />. 

\ v lias been tiiat a pa|K'r <l(‘tailinL;’ tln‘ constniotion nl 

tli(‘ tiraiii ^auL^t's lat(‘ly nuulc at Ibisa prove nl' use in case 

at any ti'ni* mav liavo to b(‘ ('r)i):structeil. aii<l as tli(‘y 
linilt inuiiM' the writer's sUjxa'visinn, he lias been askr-d by I>r. 
Leatljer. lin|)eri:il Ai^rleultnral Clieinist, te write su(“h a |iap(*}'. Tin- 
pniiileiu To solve was to cut. out I’nuu tli(^ oiieiiial sr^il Ml in’(‘f^oilar 
rub(‘ Iff earth 7 ft. 4 in. lone l>y fj ft. broad atid tl ft. op o ft. dra-p. 
support it :ind enclose it witli Mia>onr\- wall> and irt so doini; 
prevent an\' cracks from ocourrine. I lie exi>tenc(‘ of erfuTs w'<>uM 
make the eau^e useless, so tin* problem w*as oije of considerable 
practirail ditliculfy. After a i^ood deal of cnii-i(ieral ion and dis* 
cussion it vva- deteianinerl that the best wav to do iIh- work was to 
make an expiTimental yauet' on tlie lollowiny lino : 

(i) do cut a trench some 12 or 1 .'i ft deep (ju both r^irlc's ol 
the irregular cube, ns rbowii in Plate I. Iinely dia;s.siii^ tJjj. 
sides of tbe earth between the two tnuiehe^ wdiere tin* gauo(t 
was to be. ( ii ) to mak<* boles a^ sbowii in Plate No. JI right 
through the thickMe>s of th«'jj:auge, and ! iii ) into which wcmld he 
in^ei-ted mild sUad joists, supported a^ shown in Plate Xo. Ill ; 
<iv) having luserteil the joists mnl supfiorted them on both si<les, to 
jack ” in mild steel plate.s between the top of the joist and the earth, 
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opprafinj' from hotli si(]p8 of tfip If the plates could be 

home hy means of t)ie screw jacks so that the wliole of the snperin- 
crifiiherit eartfi was supported, arid this without crackin<r the 
soil or tearini' away ])oriiotJs of it, the problem was practically 
stjlved, for the rest of the operations required only very careful 
treatment. 

It would liave been impossible to have got one plate 8 It. 7 in. by 
it. 2 in. into position over tbe joistsowing to its excessive weight, 
so the writer settled to use six plates as shown in Plate Will. 
'1 he experimental showed that this could be <lone. an<l three 

plates having been successfully placed in position, further operations 
were stopped and work was commenced on the tour gauges that 
had to he built, two with a H-ft. ami two with a <leprh ot 
earth. Pefore descrihiuo tlu^ construction in detail, it will he of 
interest to describe a completed drain gauge and to m)te the calcnla- 
tions necessary for arriving at the [)ro[)er .section.'^ for tlie mild 
steel joists, their number, thickness of plates, etc. 


Description of a 6-ft. Drain Gauge. 

As lias been mentioned before, the earthen gauge is to be 
surrounded by masonry for a depth of 6 ft. or o ft. Below thi.« 
de[>tl», three of the masonry waifs only are carried dowt), but the 
fourth wall stops at [)late level so as to allow entry into this 
underground chamher in whicfi the <lrnms for collecting water are 
to be placed, and the amount so collected read off by the observer, 
'rids means that on this f.mrth si<le the joist.s ami plates must be 
supported by a bressuinmer which in its turn is supported by the 
two side walls as will be noticed in Fig. 2, Plate IV. Plates IV’ 
and IV* show plan and sectional elevations of a 6*ft. gauge Below 
this bressnmrner it was settled that a 6dt. space to concrete floor 
level would be suflicient, making a total height of LS fr. 2} in. from 
ground level. To get down to tlie chamber, a well, provided with 
a fixed ladder, was made as shown in Fig. 3, Plate IV^*, and to 
prevent rain water getting in, the top of the well is [)rovide<I with 
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two (loors. It \V()uKl Uiivo luHMt In^tti'r to \va\v 

\isnl tUt irnii :is <loors; as it has Ium-h touinl that IVolJn mfri'. 

owin*’’ to th(‘ toltls in thr t'a'iiua', iln' in tin* \v<’ll ainl lia\A‘ t(> lit 

nanoWMl, 'I'ln* |>latt‘s phuMMl ahovn tin' joi>ts an- pn I'oran 1 witli 
halt inolMiiaiiu'trr holes. -i\ ilnhi's apart Iroin erliti'i* t*' et-iiiri. 
,,ver the whole >upert'u‘ial area oi‘ 7 It 1 lit. h\ ti ti t) in. 
lit’ an aetv 'hln* water eotninu; tliron^h tie perloratnl plati s i^ 
rolleetrd i)V niians of a eolledinir plat"’ with a lininei. niaili' ->! 
I'ah ain/.e<l sheet iroji. a plan of whi<-h i> >howii in I’lo . 1, Tiale 1\ ' 
walls with a slope irmn h:n-k to hont aini tin 
nietho<i of attai'hnient is depleted in l‘in- Idate 1\‘. Mu t., 

Plate IV'. is a mini hole iti tlie eolleetiipu plate m> that the spaet 
hetwi-eii it and the nerl'orated plate- inav hi- i-leain-d out at any ilnn- 
d’tie drain uatl^n ehainher. in whirh the drutns are plaerd, i- alsi 
pruviiled witli a cormo-ati-d iron door ainl its three walls are ah 
hullressod U8 explained further on. In order to rendi-r the (loor as 
it was hopcal, watiT-ti,Ltht. iJdn. stone llau.^in^ was plaeed ahove (In 
eonerete lloor, hut still tin- water eonies np to a ilepth ol I In. ihrouuh 
tin* jnnetion hi-tween tlie stone. I his has het-n found Ironi tin 
i-.xperience of this vearV rain-, it will l)e necessary to eov.-r tin 
whole fl.n)r with a further thiekiies- u\' 1 in. Indian Patent 

Stone, wdiich slnndd liavt* tin' desireii (*lh‘ct It is unpi rative that 

no water fthotdd he ahle to pereidate Ironi the oiit>id<- eil tin 
masonry into the nanue, as thi.- would vitiate the whole of tin 
results, so I, etwei n the sid(-s of the earthen eilhe and dn-inlek 
work, 3 in. of eemeiit (-oncivle is provided This is diown n, 

2 uml 3, [Mates IV and IV' ; in IMate Xo. ^ this -mall 

e<i(riiur (jf concrete hetwet'ii tin* brickwork atnl earth mav in 

n rj 

noticed. In addition the whole of tin- brickwork insi<ir ami out- 
si«le is cetnent plastered. 'Plic masonry walls are earned .< iii 
above (lie ground surface of the drain and arc irnnle to dope out- 
wanls. In one wall are pkncnl three* oin'Oticli ovcrllow ppa*-. two 
three and four inches, respectively ahove ground level, and leadmu 
into a .small overdow cliamber 3 ft, o in, by 3 ft. o in. and 2 ft. in 
<lepth. Each pipe if: pro\ided with acock, 'llie abov(i is shown ir^ 
Plnr« VT 
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Ca^culatioxh neckssahy to determine tue Dimensions 
OF THE Joists, Plates, Thickness of Walls, etc. 

TIui bressuininer joist bears halt the weight of tlie earth, tlu* 
cross joists and the [)Iates, and the front portion of the masonry, 
and, as is seen by tlie calculations in A[>peinlix A, ii joist of 9 in. bv 
4 in, is sulHcieiitly strong {'or the load it has to carry, 

Tlie cross joists bear the weight of the earth and the weight 
of tljc plates. Five joists were used so that tlie space between 
each joist might he I ft. 9 in., this space being regulated by the size 
of tlie platt'H I'o have had fewer joists would have meant a greater 
distance Ijetween each joist and tfierefore bigger and consequently 
heavier plates, for It is essential that tjie |)lates must have their 
ends resting on the joists as is seen in Plate Vll. The calculations 
in Appendix B siiow that joists 5 in. Ijy in. are strong enough. 
Tfic [)erfurated plates are ^ in, thick acconling to tlu* calculations in 
A|>[)en(lix G; this tliickness is far in excess of retjuirement.s, ?)iit 
owing tJ) the numerous pert<n'ations, tlie strengtli of the plates is 
considerably reduced, so (in' safety’s sake .y in. [ilates were used. Tlu* 
pressure on tlie foundations was taken at 0*7 of a ton per sq. ft., 
the permissible for Bengal being 1 ton per sq. ft. ; the calculations 
are given in .\[>pendix D, I'lie calculations for the joists and 
plates are based on the commonest case in Applied Mechanics of a 
beam .siqipoited at tlie both ends and loaded throughout its length 
with an evenly distributed load. 

During the construction (J’ the walls it struck the writer to 
see if the earth pressure rendered the structure unstable and it was 
found that the centre of pressure fell outside tlie base, so it was 
necessary to buttress the three walls. The calculations are given 
in Afjpendix F. 

Construction of a 6 -ft. Drain Gauge. 

It would not have been safe to have cut tlie trenches out as 
sliown in Plate I so as to have left exactly 6 ft of earth between 
them, as this would allow of no margin for any small accidents 
that might occur, such as, say, H inches of soil falling away from 
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he face, so the clitiiensions of the dniiii ^auj(e, as already noteil, 
einf( 7 ft. 4 in by 6 ft . an area oi’ S ft. 10 in. by 7 ft. 6 in. 
was pegged out by means of the theodolite, thus leaving a 9 in. 
margin on each side. The two trenches on botli sides of the 7 ft. 6 in. 
breadth were then excavate<l to a deptli of lo ft. and for a length 
ijf 17 ft. As tile work descended, a ramp was made on both side.s. 
The two faces of ti)e gauge were tlien very (inely and carefully 
dressed by the masons and the positions of the joists marked on 
them. The vertical distance from groiiml level to the top of tlie joist 
svas 6 It. OJ in., and t*:u‘h joist was to be I ft. P in., centre to centre, 
from the oilier, so their positions were easily 'Fiie live joist 

holes I ft. square had theiuo be drilled tlirough (be 7 ft, (> in. lengtJi, 
ami this had to he done by masons and not by coolies. For the 
purpose, the four tools, (jI' which sketches are given below, 'ivere used. 

No. { 1 ) is ns(M| fr)r digging 
" * ^ ■ "out the holes, No. {'2) for 

■ ■ ■>■■■■ > dressing rh(‘ four angh's of 

^ the holes. No, (.‘■}) is used 

'‘i ‘Iressing the top surface 

ot the holes rrnighly horizon 
4 ^ ^ tal, ami No. ( I) for making 

.. L ., :y ' \ the s.'iMu^ truly lujiizontal, 

IMat(* II shows how accurate- 

j Iv this work was dom* hy 

r * ' the masons. Alter the 


yusts \u\ve \)eeu inserted 
into t\\p. boles. Flate \\. t\iey are supported as sliowii in IMale III. 
that is, by two ^-incli * sal ” Imaials. 'I hes(' boards rest on props, 
the lower cmls r>f which lie on anotfier 2 in. 
‘■sal’’ l>oanl, and this latter restH on ground 
that lias heeii thoroughly rammed and coriMuli- 
< la ted to obviate any cfiuttcc of settlement when 
the full load comes f)ti. A groovi*, as in sketch, 
is made in the lower end of the props into wliieli 
wedges are inserted ami driven liome so us to 
ensure that the upper ends of the props are really pressing against 
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boards. Plates V'lII and IX show j^eoinotrically tlir 
boles and the joists inserted, Plate X the joists propped and th^ 
strncture I'eady lor tlie insertion of the plates. Plates VII and XI 
shf.'W the plates supported, and the jacks in position. The 
Operation is eotnriioiiced fnnn one enid, and when one plate is 
driven in, the oppo.site plate on tlie otlier side is next jacked in. 
and so t)ri until t!ie whoh' six plates are fixed in sifu, 

'Idle secret of success is, firstly to see that each plate durine 
the operatiiJM is kept perfi^ctly horizontal, both lonjritudijially an<l 
rransvtu’s(*ly, and for this j)urpo.s(‘ frequent use must Ik' made of the 
spirit level ; s»?condlv, that the levers of the two jacks are invariably 
turm'd simultaneously and for the same flistance, so tluU the 
]>late may l)e tlrivim in evenly. To ensure tliis, after every turn of 
the jacks, tlie distance betwetm tlie ed^es of the plates and the 
ed^t's of the joists on which it n^s^.s, must he measured to see tliat 
they ai^ree. If there is any difFerenci^. tliis mii.st be adjusted by 
turiiine- one jack ami not the otluu'. After the plate i.s in {position 
and properly levelled and ti^ditened up by tin* screw jacks, before 
they are turmai a piece of earili six inches in thickness is removed 
from underiK'ath tluyjoist to ade[)tb of about 1 li. b in. jii.st sufficient, 
eventually to alhwv a man to o'ouch in and remove the eartli for 
lialf-an-inc)i above tlu^ joists. This is df)ne by means of the scraptT 
(jf tin* shape shown in sketch 8 iu tlic previous paragraph. The 
cutting out of this half imdi is done carefully and as truly level as 
possihle. After the plates have been drivim in this six inches, 
anotiier ^ix inches is remove<l iti similar fashion, and this goes on 
till the [>late IS jacked home. When two opposite ]>lates are getting 
close togt^tlier, the screw jacks must he turned very gently, for the 
phiti's must not he allowed to touch each <.)ther and a clearance of a 
(piarter-of'an-incli is left. In [uishiug in tlie plates sliould f)ue 
abut against the other, it will set up, at the time (»f eontacc, great 
internal vibratir)!! in the block and most likely produce cracks or 
cause porti<ms of the block to shear oft’. Tliis was noted in the 
experimental gauge. Wlien all the [ilates are in position, it is 
necessary to test whether the eartii is everywhere resting evenly 
on them, and this can bo done by measuring the depth from the 



roNSlKUniON OK HKALN iiAl’tiKS. (ii* 

botluin ot the earth to the hotiuiu of the plute» by nieuuj> ot ilje 
perforations in the latter. If this dejith is more than half an inch^ 
it sliows that the plates aiv not pressin^f n[> against the earth and 
tliey must be wedi^ed up witli iron \vedL^e>, placed Unweeti the 
bottom of the plates ami the top ot the joists, so that tliev’ may do 
-o. For makinjr tlie joist holes, placing the joist in position ami 
prop[)in^ them, 1 head mason. 1 masons and b coolies will do the 
work in two days, and the same number of men in tlie same time 
will coin|>letely drive the plates Ijoine as soon as they eet a little 
rXjterienced Unless the placani; ol tlie plates under the it‘Oti;e is 
most careful I V su[>ervisfd hy an KnLjinerr ami nut left Ibr a si unit? 
moment to the masniis, the oper.ition will In* a failun*, s{) unless an 
entirely reliai)le man’s whole time can he j^ivun up U) this, it is 
i)etter not to attempt it. After the [tlates an- in, the rest of’ the 
earth is removed to the re{piired depth and the joists ami [)Iaies 
arc further shored up Ity tliria- ia>ws of *■ sal ’ prr»ps in the sairu- 
manma’ as was descril)ed tor the I'lid projjs. I his shorin*^ is .shown 
111 Plate XII. 'file wiiole of the oaipi^o* hein^^ n(>^v support(*d, 
the prop.s at the back are removed, the fotindations of tlie back 
wall du^^ concrete laid and eonsolidatiMl. and after it has set, 
tlie back masonry wall is constructed to tlie bottriin oj the joists, 
they restint( securely on the masonry by means of [Jin. ))e<! plates. 
'Ihe front row of props is tlien renmveri and the bressurnmer joist 
placed in position ami kept tliere by liamboo projis, care bein^^ taken 
to see til at tlie joist is exactly level, After this has been rlom*. the 
two 0 [>en sides of the ‘^auo(j are supported horizontally to prevent 
any lateral <lisplacement, the earth f)n the uncut sides is then 
excavated to jivoper deptli. tlie supports to the first two sidi-s 
removecl temjiorarily and tin* whole ^an<^e hroiight to ii.s [>rop(!r 
dimension.^, namely. 7 ft. 4 in. by (> ft. tt in., by tine dre.sHjn;( by 
the masons. Plate Xlll shows this operation completed. The 
gauge is again shored in the manner depicted in Plates XIV and 
XV. Plates XVI and XVII also sliow the same treatment 
fur one of the H-ft. gauges ; here, as the soil was more friable, close 
slioring was resorted to. The brickwork of the remaining walls 
is then proceeded with, fill eventually the whole gauge is enclr).se<l 



70 


M. H. A KNOTT, 


in fiKiHonry ns is seen in 1^1 ate V. This having been successfiillv 
accomplished, the rest of rhe construction calls for no (letaile<t 
descri[>tion. It consists in simply building the floor of tin 
cliamber, fixing the collecting plate, bnihling up the well and 
thi' ladder at tie* >atri(t tiitie, fixing the df)ors and constructing tht^ 
ov<‘t'flo\v rt'sercoir. fireat care should lx* taken to se(‘ tliat tlit- 
rjia.-ionry as well inadi' as jo^sihle, all joitits being tViorougblv 
filled u|; witli mortar, and still mure <.‘are slioiild be taken at all 
junetions. filling of rhe trencb(“s also requires attention, and 

tin* earth slioniil lx* rammed In si.\-lnc)i layers. 


Cost ok a 6-kt, Dkain Gal'gk. 

The total (‘ost of a t)>fr |)rain fiauge as actually constructed 
cotnrs to its. l.ldS with the rat<^s that obtain at Pusa. In 
Appendix V is givaai an abstract <d the expense showing the 
(pianlitie- or nuinliersof oach snb-li(*ad, its late and cost. 
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APPENDIX A. 

f ntn f(>;' tit ft r)ji I h n ' I / /It. .tit ttf'/itt n I't S\t( Ihlth /' »/ ’ t(sf 

joist at . ni i iinrr 
Tola! |(ta<l oh iliis lioaih 

\vt. of rai'tli ■ > ''1- ''I 

^ wt oj (up jM Ml "t (hr iiia'^oiii'y i 

wt. of j joists 


-(7' T' X !i X ! ‘JO A f j o' 4 - 7' I" X 1' r, X I JO x (/ o ) 4 

(- 1 ' 0 " X 7 ' I' X JO) I ( .'» X V cj X II) lit- 

J->,7l*)0 + 6t!o I- JI7 

J4,G(17 Ills. 

W I J4,tO;7 X 7 X 


Mf 


i I J X JO X H 


I I .VO llM'l I t 0||> 


4'aki a soot ion H ’ x 1 o/ J 1 lli>. 

.. P X I 7’.! X S I a:! . 

M 1 u.rs inch tolls. 

y r.) 

So ihi> section tna\’ Im ns< <i a oo.mI niai'^iii of <afct\’. 
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APPENDIX B 

(Jf(lv>f{fthvn Joy (Jrho'nifiiiny the ,si\r ttf ( 'ro,ss JoifiLw 


^ ii"x<;'^'^x \’^[) + 0' ii"x t-rox-jiM 

" S x'i I 2x:^ ~' 

411 inch tolls. 

Take a section 5" x 3*' (a 1 1 Ib^;. 

, P X I 7‘b X I3 (;y . w ^ • 1 

whose Mr = = =41-07 ineli tons, 

y 2;) 

So this section mav in* used. 


APPENDIX C. 

i'nUndtftwn (or drtrnniuiiKj the thuknvuis of Mdd Stee( Phiie. 

Take a slrij) 1 foot say. Tlie load <»n this sti-i[j 
170 X 1 X (1 O" X i2t) 11 )s. 

1 X 1'73 X 1) X 12U X 21 

:= I ‘3 incli tons. 


Take a sta-tion V' tliick. 
P X I 


i = iV 

= yV X 1 2 X ‘5 X ’5 X *5 


7 o X 725 


3 75 inch tons. 
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APPBNDIX D. 

i'^lcnUtUofi to <isco}'tt{iii thf* f/uc/'/nW oj thr iuounlotnois. 

Thb walls art' tu be built first and they will bear the full load 
before the buttresses ean bt' const rue teti» its the props cannot be 
ivinovetl. The whole wei«r[)t, therefore, falls on the base of the 
walls. The buttresses merely help to rrsist tho earth ]>ressurt' 
when the fillinj^ is eoinpleted. The walls ar<* in eonst*(jUene<‘ 
desij^ned to lx*aj' tin* supt'rineumbtait w<*ioht ot' rarth ami masonry 
indepemlently of the l)ut tresses. 


Kxthkmk Cask takkn. 



\Vt. of 

iiiHsdiiiy 


1 xb' 

li" X r 

8-12 

! x7' 

■Ji" X r ft" 

12 '00 

1 X o' 

(;■ x2' r = 

1 04 

1 X 0' 

r," X ■!' G" = 

1 *25 

1 X 

r," X 1' 0" 

0'50 



25-01 

Wt. of 

eal'th 


1 X 

M" X b' 0" 

I0'50 



45-41 

4.r41 X rjO ^ 
ewts, 

112 



^ 4H‘b.O 

(?wts. 


2’4rt 

tons. 


Pressure - = 7 tons nearly wliieh may be allowed as 

a-5 

the soil below 1,V 0" i.s softer than the top soil. 
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1 4-8ino< 


Tin.* nartli [jrnssurc is olitaiin'd Irotn the tonnula : — 

1 = X . - where ^ — aii^]<* ot repose or tJ)e son. 

In this ca.se taken at n4^ as it 
is ninist earth . 

120 X ]:h 2 o X l:>’ 2 o 1 - no 

2 xll' 2 - ’^V'+'SO 


- I 0"J(; uW't. *0 tnllS. 


Tin- ♦‘.•Li th [ii'es.-<ui (‘ iu-ts at i^rds tin* heiijlit of the wall and 
Inaizoiital. The diaLtonal of the paralleloit*'’*’'* i'l JMate XTX 
is the r(‘snltant of tin; two foi'('es, and is seen to fail outside 
thr; wall. This sin)Ws tliat tlie* wall is niistalile when the eartli 
pressure exerts its full force. To make it stable a buttress i> 

necessary. 

Tln^ followitiiJ' ar*e tiu* caleulati<iiis aftm* addiiio- in tin 
hiittres.s : 

There are now three parallel fore(*s, tin* eeutr‘<*s of j/ravitv 
of whieli act at ditfereiit [M>iijts. 

The toi'cos are : — 

(i) the weii^dit of the top block ot‘ masoiii'y 

^ 1 X 0' tr X I rr 8- 1 2 X 8-70 - -42 ton. 

The etaili'e «)f i:;ra\'ity "f this passes thrami^li the middle of 
tin; 1/ d"' wall 

(ii) Tile weiLtht of' t'artli = I x 8'' x G' i)' - n>-50 x |f-S = 

1 ton, 

The centrt' of ,L(i‘a\ it 3 ’ of this pass<*s thi’ouo'h the centre of 
the 1' wall. 

(iii) Tile weight of tin* bottom portion of masonry after 
addiutj^ tlio laitti’css : 

This is taken as a trajieziuin. 

r 8" + 4' r 

lx ^ X 7' 2^' X If;; - 22‘ 14 - r I ton. 

The centre of i^ravit\’ of tins has been worked out graphi- 
cally, see Plate XX. 
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'Fiit re are now like |iarallrl forrt^s aiul tiu'ir rrsuhant 

is tM|Ual to tons. 

Thf point ( 't' applirat i< ai ut’ (In' rr suhant is IuuihI <liaL:i aiuiiia 

rirally. Plato XX. 

Tlie main eomponoiit tori-os havr imw Ix'on ascrriaiiiftl. 
iiaiiiolv. tlie prt'>>urr n( r-atth aotmu' at -iiP tiir liri^hi nt tin- 
wall e.iul tin* re>ultan^ nf all tin- xn ilral pi ossiii rs. The iVNultaiil 

-it llnsf IW«I tnlecs w aUn a-'Or It a! t h < ! a> ]|| tin' tlls| ra'^t' h\ 

Jla^^inu a | larallelnmam with a ^t-ali' nt’ h-i,! m}‘ 1 t^n t" 

'hhis i>'>ultaiit I'alU within tin inidiilr thiol ot' th.' has,- 
whieh shnw> that tin* sinn-tui’e is stahln. 
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APPENDIX B. 


( to if flu' n'nlJs Ihtf/ ttv uof 


Thk \vei^L(ht of earth and superstrueture iims^iiiry are U'^ 
follows :- 

Weight nf top portion ^ ] x 0' G’'xl' 'X' ^ ^ 

- H7O cwt. 

VVia^dit (if hottom portion I x 7' ’iX' x T s" -= l^'OO 

Woij^ht ol* z-artli I x :r x i'/ n ' - ” 

:fr50 X U!>’ 


= »i37r) cwt. 


Till* ef'iitr’o of oravity of th(‘ top 
poi'tioii passes throu^di tlu' middle fit’ the 
I' 3" wall and the centre f^f ^'lYivity of 
the liottom [)o]'tion together* with the 
weight of earth passes through the 

middle of the 1^ 8'^ wail. Now there 

are two tike forces aetinjj at different 
points of tlie same wail. The 

magnitude of the resultant will 
tfierefoiY' be equal to theii’ sum 
-4'J’4r) cwt. tons, and the 

[joint of application is from the 

(>Liter face of the wall, thus : 



rt -70 C. J 



L W! 


H 70 C 

42 4 b C WS 


The distance between the points 
of application of the two forces is 
IjCt X be the distance of the 
I'esultant from the Hr.st force, then 
we have 3375 x =870 (2'5=x ) 
from which we get x~i": there- 
fore the resultant is situated lOi" 
from the outer face. 
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APPENDIX P 


Details o/ east aj ti Dtdtn ddUtfe. 
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C(tn, 

i 

! 

Anioiinl. 
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DIMENSIONED SKETCH SHOWING JOIST HOLES. 
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TO BE PUSHED HOME WITH THE SOitEW UACKS 
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WALL WITHOUT BUTTRESS SHOWING THE LINE 
OF THE centre OF PRESSURE FALLING OUTSIDE 
THE WALL AT A. 

SCALE 2 FT.=: 1 INCH 





WALL WITH BUTTRESS SHOWING THE LINE OF THE CENTRE 
OF PRESSURE FALLING WITHIN THE MIDDLE THIRD OF THE BASE AT A. 
SCALE 2 FT.= t INCH. 






3 




K 



P . 9 TON 



.i , 

B 

•43 rOM*- ? 53 1c*» 

t ! TON 

■# R 


PLATE X; 


TON 




PREFACK 


I'hk lima pn yt'nteii in this MtMnnir support two iTU|K»rtaut 
lii'iliu tuuis, thi‘ 1)110 boiiiLf tliat dui liiijf dry wi athi r wator moves 
upwards tliroiioh ila* soil from a doptli only ; tho otiior, 

that till* rati* of loss follows the “ ooinpouiid intorost law. Tin* 

first t>f tlioso soi'ins to bi* fully ostablisiiod. Tin* second will 
rii[Uiro supjiort by means of data obfaineil In a oreator variety 
soils, and it is In)[)ed that furtliei* ovidonei' under this head 
inav be added duriiio the eoinino y(‘ar. 

1 have rt‘eelve»l <^reat assistance Irom Mr S. (\ Kar. 
M.A.. the second assistant in this chemical laboratory, wlio lias 
carried out patiently the greater part of the ehUriation work 
and eumputations. and to him this acknowiedoment is due. 


J WALTKII UOATHEli. 

Imptriiif A <j ricn 1 1 U7*u t ( tn tsf. 




THK LOSS OF WATFK FItOM SOIL DUHINo 
1)1{V WHATIIFH. 


to 

\\'Ai;i'Kl{ f^KATUKlr .in.. F I .A K'>.. 

/jM/Ji'l'Kj/ i tiriil 

INTlioOriToHY 

Thk ^^'Meral idt^a tin* inovniMMit ol Hutn- in tljo 

'Oil (luring <lrv periods is that it risrs hy “ oapillarit v, ” and siin-r 
illustrations of this may he oiveti hv reh'nmee tf) sueh phenonM n;i 
as oil risino up a lamp \riek, no ditli(*ulty is i‘\penrin*rd in ohlaln- 
m;^ a mental picture of the' [n'oeess. As a matter of faet, it is 
t asy to show that any upward moveimmt of water through tlir si>i] 
must he- essentially diiforent from that of the lamp oil. For, in the 
latter case, fresh oil rises uj)as fast as the upper portion hums off, 
and the wick is constantly saturate<]. Similarly, if one eonsi<lers a 
capillary lube eontainiiio wate)* : assume that the licpiid (*an risi- 
>ay X {'III. into it ; l(.*l tin; upper and hr not nioro than \ <*m. 
above the supply of water, and then a-s fast as water va|)orises 
from tiie up])er end, more' will ilow upwards and the tuhr? n*imiins 
j>ernianent]y full. The soil must hi* very differently situated, 
because wo know that water does not rise* throu^^di it “ hv capil 
iarity fast oni)!!-^!! ti; rej)laee the vaporised water. There must 
l>e some fundamc'iital diflerfmei* Ijetwei n tin* two casr*s. For a 
similar reason it i.s, in decal, of little use to expiuiment in the 
laboratory with columns of soil, (.-ven if the.se measure as much 
as two or tliree feet in hei^^dit; the differenee hetween tliis anrl 
ordinary field conditions where the subsoil wat(*rdevel is usual Is' 
more than 10 ft. and often more than 100 ft, below ilie .surface, 
is so great as to render deductions from such experiments invalid. 
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Consider, for example, the experiments quoted by King in “ The 
Soil” (pHge 174) where columns ot soil were placed in water, 
water-level beinjj ret^ulated at 1, 2, 3 and 4 ft. from the surface. 
Water was then found to pass upwards at rates varying from 2 37 
pound.s to '9 pounds per .sq. ft. [)er day. If water rose throu;^di 
soils at even the le.sser of these rates, no such thing a.s a drought 
could occur, for only the heaviest crops require such a (quantity of 
water as this. Iitdeed, only one writer on this subject, namely. 
Mr. Lyman Briggs of the LJ. S. Department of Agriculture, hH> 
suggested a rational explanation of the process involved. A 
(\uotatio[i may be here suitably given from his paper (Bull, lu, 
U. S. Dept. (d‘ Agriculture, Divisiortof Soils). 

“ The limit of the capacity of any soil for water is reached 
when the surface tensir)n holding the water in the capillary spacer 
is no lom^er able to overcome the force of trravitv actin'j^ on the 

o n J o 

mass. The relative water capacity of two soils, therefore, depend'; 
j)rinci pally upon the number and size of the capillary spaces. 
By a capillary space as used here is meant not any interstitial 
space in the soil structure but only that portion of it which is 
near the point of contact of two soil grains. It is that portion 
in wliich the bo urn ling walls are close togctlier, separated only l»y 
distances of capillary magnitude and conseijuently most etheient 
in retaining water. It is evident that in a soil of fine texture the 
grains might he so close together as to make all the interstitial 
space capillary in its nature. 

“ The one important factoi' which determines the acquirement 
and retention of soil moisture is the curvatui'e of the capillary 
water surfaces. If er[Ual volumes of two soils are placed in 
contact, and the curvature of the surface is less in the first than 
in the seconrl, then water will move from the first to the .second, 
increasing the curvature in one and decreasing it in the other 
until it becomes the same in both soils. If the second soil con 
tains a greater number of capillary spaces than the first, it will 
contain more water when equilibrium is established. During tlw 
adjustment water will have actually moved from a soil containing 
a low percentage of water to one having a higher percentage. In 



u>ss or watkr from soil. 
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ti.) ivist?, Iiont'vor. will wHt^r leavt^ a oapilliiry space linvin^ a 
water surfact* ol lar^o curvature to oo to a space with a surface 
• if* less i'urvaturc. It is the toriu of the surface whi<'h iictiuiuinea 
the Meocmeiit ot’ tlic watci/' 

riiu-s t>v,uTsiul isahh* ttut'tain hy surface ten.sli>iia ma\uiuuu 
atiiouiit of water Su[>|>use a series of hodit's 
A. I>. {\ 1> (tlo. ]) placed one UfMUi aiiolloM' in 
a \i*itical and holding a liijuid. say 

watt'i, in the manner suoirosteil \t\ IhaeLTs, 
It is clear that >uch water is held h\ ^urtace 
li-nsioii; it lollows tlnm that tljis (piantity of 
InjUtd may he held in a column ol mdetiniti^ 
length. Il, lor example, water allowed to 
dro[> on the topmost solid, it \\\\\ diain 
awav downwiiids, leavine l>ehilld het\veen the 
>olids precisely that (juaiitilv o|‘ \vatei 
^^lnell the tension ol tile Thplid .■>Uliaee Is 
capahh* of siisjiendino, The actual shajM's o)' 
tln^ water tilms in the soil are naturally less 
simple than Ihio^css illustration, hut tlie latter 
supplies nevert lu'less the simplest. I i'pri seiit 
at ion oj tile casr^ ami (onus tlie basis of a 
eol l eet kimwledi'e |■eJ^n^r<inlo t h(* movement s o| 
soil w aler. A jiplvitl^ these pri maples to 1 he soil, 
the following (lednctions may la: maile (a) it 
is cUar that the ipiantily oi water* pK'seni 
nitrr Acs t rasrti de‘[)Cmls, (fltti, on 

the nature of the soil ami not on tin* dept h at 
w'liich tliesuhsml water lies ; also tliat it a eoarsi* 
soil and a line soil are in ‘-ontai't. tin- <piant ity 
'I wat.-r ill tiu; i-uarsc >'iil .'li'.iiU la- la'-- tli.'m i" tli" (iix- s.,l|. 



>'i At tlu- r(HiiM:fllwliiflit of iiliy piTlixl. watiT will a.v-iiiiia tlix 
.;a.M-„u> >tatPat the >ui t'ai-c "I tlx’ IkH'I : tlip |•urv!,l hi p nt tin- \miIpi 
tiliii'iii that iiniiiPiiiatP iipi;'li')'>in iinoil will liPtliiTpl.y iiipi. a-p.l ami 
’■vat<T will (■i)iMiiip|,pp to lliiw tVoiii iipi^flilii'iiriiifr part I pIpi. uliii-liin 
tliiscax’ an; la-low tlm am tarn;. Tin- l•urvat^lrp ol' tin; «at,pr Mii I'a.-i; 



82 


J. WALTER LEATHER. 


is there increased in a similar manner, and water will flow th.ii. 
the next lower liein^^, and so on throu^fhout a series. But thi^ 
process is not an instantaneous one ; time is required for watf-r t • 
move from B to A and until the process is established at B, it \vi: 
not have begun at C ; similarly it will only commence at b 
after it is estal)lished at C and so on. This principle must apply 
to succeeding strata of soil as well as to two succeeding particlt?>. 
and consequently it is not the case that during dry weath. r 
water is moving upward towards the surface from all depths dnwi 
to th(‘ underground water-level ; on the contrary, we may reasoii 
ahl}^ expect that there is at any time a certain depth from wliici. 
water has not yet had time to commence to move upward. It 
also to he recognised that so soon as tliis ])roeess is estahlisherj ir 
any stratum, the amount of water per unit volume must decrease 
(r) If this deduction is proved to he the ease, it must follow that 
provided the soil is ph^jsicalhi unifontir during dry weatlei 
tliere will he found, commencing from the surface, increa.^in^ 
quantities of water in succeeding strata. Of this being tli* 
actual fact there can he but little doubt, for ordinary M<\ 
nhservations illustrate it. It is a fact, however, which cannot 
he ex[)lained by tlie generally accepted idea of “capillarity, 
(d) A further deduction may also he made, namely, the givat 
probability that the rate at which water leaves the soil durin^,^ 
diy pcrifids depends on a law similar to that which govoni> 
many processes such as loss of heat from warmer to cooler 
bodies, or the rate of chemical change, that is, the quantity 
of watei* lost per unit of time will depend on the amount nt 
water iti the .soil. If this were true, it would be a decreasing 
(piantity during any dry period. As I have referred in this 
itdroduction to Mr. Briggs’s hypothesis, it is perhaps neees.saryto 
mention that deductions (6), (e) and (d) are my own. It is hardly 
necessary to refer to the need there is of a correct understanding' 
of this subject. The movement of water in Indian soils, however 
important, forms only one of several factors which are involved 
We speak for instance of soluble manures being washed away by 
descending water without any clear idea of the rate at which 
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>iK*h wator is moving or tin; ilistaiu-t* to ulut^h it will iiiu\a' 
Similarly in tlu* ot asar laml, it is a'^sinnnl that tiio >alts 
u])\vai<!s ami tlnw nwards altlimioh wr Imvr m» r\art 
kii«o\ n{ tin' H al liistaimt s thiou^^^h whic*h tin* inovrim ut 

fakrs jilacr, 


hArKKlMKNlAl 

In i>ni( I' to fihtain a i-nrvict kmoN halL^n* of voil nniistmr 
■ tpmliti(>n>. it i> os>rntial tn niako I’aii ly lV«']nrnt ih ti i niinatimi'^ 
! hoaii^lniUt tlm wlmlr ih pth of muI wliirh is nnoKial. It i> m>t 
suthciont tor t*\am[ili* to la.-rniAl tin* amount at a pailimlar ih pth 
only. 

Tin* only aoruvalo nn ans of asoci tainitio tin* luojioi tion of 
u atoi* in tin,' soil \\ hifli Nv n j)osM‘>s is to \\oio[| (j,,. fri^h rartii, 
-li\" it anil rc'Wfioh it : lln* !<»- h asMwnod to ho watt r. Tlnn 
all’ otln-r noinlitioiis which must Im’ j'ullillcd. for if the ri cool 
• lunno a certain ]>eiio(l nf tune is t(» he at all eomph te. (a) tlie 
itiiioval ot’ oin* set ot speeiiin ns ntusi not alleel tin* )ie\t : {h) tin 
whole si-iii S uiUsl he obtained IVoin sueli a liniiti-d an a. thai 
(hll’e|enee> jii tlu’ j>h\ sical eharai’tcr oi tin soil may he as sli^^hi 
as j)(.>>ihh* in the liori/jmtal diici-tioii. An ideid i-a'-n w onld he 
icalisi-d if tin- whof* <if the data eould he olptaimd i’lom one 
"{Hit ; this i.s ini{iracticahl(‘ and it nmrely remains to apjiroai h it 
a.s nearly as jiossihle. In ordi r to {irovidc tlnsi’ eomlitions (he 
tolluwuio |)ro(*( alma* wa.s followed -a plot of land was nim kod 
out, ami it was dcciih-il to restrict the wa>rk to fallow lan<l with a 
loo>i; .surfa(jt. ; .some icciuals wa-ri- kcjtt in ^lass land at lir.^t, hut it 
was found iin[)o.s,sil>hj to maititain limit; than one ^et of data; 
sjienimchs of tin* soil wa re obtained by nn ai)s of tlm horin;,^ tool 
suhscfjucntls de.scrihcd. to a depth uhieh at first was fi\c feet, and 
later extmnlf*d to iiim; feet from the surfaci- ; tlie relative position 
of the several l>oniio.> was ."Ueh that tin' oiji; eould not affeet It.s 
nei^dihour hv more than a nominal amount. Keoai’dinjr this 
latter [mint, it will he seen from the; dex-rijjtiijii of tin; horino 
tool, that after a series of s[n;eiiiien.s has been removed, an em[jly 
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v<*rtic;il cylinth r n.-rnaius. It is [)ractieally necessary to fill thi> 
witli oth*-rwis«‘ tlir* l<>.ss ol water truni this hole nii^lu 

si;ri(Misly alleol th'* atrnaint ol' watei- in tile neighbouring soil tf* 
ail uinleliiietl extent ; it is also simplest to fill such a hole with 
<lry •'^oil. N(jw the linmeiliate result of this would be to withdraw 
imusture t’rf>iti (hr >oi! all round. It was assumed that this would 
fake place, and that this dry soil would become equally moist 
witfi till* >ui rounding soil, j'esultiiig in a lowering oi the moisture 
tor a eertain distance around its eircumrei'enee. It was decided 
that the next h(»ring should not he taken so n<‘ar that the efiect 
of this parlial <li'ving wouhl la* as great as "I percent. It was al.so 
assumiMl tiiat tlie soil Contained less than ])(U' ccuit. water, and 
hence till- moisture in rlu' soil surrounding a hoi’ediole must not 
he lowried l)V rnoi’e than „ part. It is clear, therehu’C, that 

there must he left a volume ol' soil all round the I'reslily filled 
ijrae hol(‘ 'JjO times its o\\ ii volume, oi sim’cthe hole is eylindrieul, 
the radius ol the “ q//ivVed " soil will he to that ol the hore-hole 
as the sipiare roots of the la'spec'tive cross sections ; the radlUS ol 
(he horediole was l" and eoiise^jiiently that cd'tho “ airecteil” earth 
uonld he 1 .rS". Since I'lirther the next hole W(udd be 

ultimateb' surroniided by a similar eoliimn (d ''alleeted soil, the 
di.staiM’e between anv two hoh's must not be less than I x 2 = 
;}1 r/'. Ill these expru'inients ' 2 ' was alhnved. The pl<d ol 
land was marked by I'oiu' [icgs at the earners, and a eliart 
prepared : anv desired point in the air-a could, thereiorc, be 
readily I'ound. 

77c' /ao'nc/ hiftl. This is illustrated in tigs. Nos. '2 and .3 and 
eoiisists essentiallv ot two parts, namely, the handle and the 
evlinder. The handle is made in sectitiiis so as t<.» admit ol dee[) as 
well as shallow borings. Tiu'cylindt>rs arc of iron ; they are truly 
cyhiidriv'al oov/dc and slightly conns-d in the lower part outside. 
It mav bo meiitiom'<i that such a tool C(>uld not be used in stony 
land: but the Indo( Jangetie allu\ iiirii consists ot' fine material 
only, so tliat witli comparatively slight pressure these cylinders 
can be Idrced into tlie soil, and on witiidrawal they remain full of 
undisturbed .soil. Any compression to which the soil is subjected 
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(ii>n the v-ylinder is forced down is sudered hy the soil omsidr 

borer. On withdrawal the cylinder is detaclied from the 
(udle, weighed with tlu* soil in it. and the soil then emptied 
)tito a weiglied tray in which it is drie<l. It will he evident 
that this appliance enables one to <>l)tain the [H’i^portion of water 
i!i the soil with a miniinuin of error. 

Two sizes of cylinder have been employed ; namely, one .*>" 
]oiie for the upjK'r strata where the variations of water are 
(laturally considerable, and one (>" loii^t lor lower sti'ala. Marks 
on the shaft indicate when the toi>i had been driven into approx- 
miatelv the desired depth, but a measurement in the hole was 
tlso made, heeauso it not infreipiently hap])ens titat the speeimens 
taken measure somewhat less or sliolitly more than tlu‘ nominal 
'f or (>" resj>ectively. The record of the exact leii^riJi (,f the 
>pecimens has enabled mo to re<luee the weight of water found 
to terms per unit voliuiie, a Hoftire whirih is of mnr(‘ s^na iee tliaii 
the percentage. 

Thr i.ature n/’ the soil. -It lias lua-n mentioned that the soil 
of the alluvium coiisists of fine niatmial : in fiiet. excepting for 
t»eds i)f soft (MUieretionarv liine-stome tin* whole of it passes 
through a sieve of '1 mm. mesh. The soil at I'usa is unusually 
tine; iu fact, as the elutriatioii.-^ sliow, nearly the whole of it is 
Ivss than ‘J mm. in diameter, 

Chemicaily it is <-haraeterisr*(l hy containing alanit -10 [ler 
frait. of chalk. Tin* tipper two feel may hi* deserihi'd as a loam, 
the next tw<» feet is nmeh rtiorc sandy, and ixjiow this it <*onsists 
•f a stiff soil for about !j feet. The depth to wate*!' in a well 
'Oiiie 50 yards distant was as follows : — 


l!»Oti Till 

Octobtr, 4tli 
OcIoIkt, l ')rli 
October, 31 
Jvovt-mbf'r, Iftlli 
December. Nt 
December, I.'* lb 
n)»7 January, 3rd 
January, l.^tli 


13 

j' 

1 i 

t," 


()” 

17 

*> 

m 

y 

is 

7' 

IS 

S' 
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... 19' 10' 
... 20' 2* 
... 20' 4* 
... 20' 8* 
... 20’ 8' 
... 20' irr 
... 20' 10* 
... 21 ' !• 
... 21' S* 
... 22 ' 1 * 


19^)7 .J anna tv, 31.'>t' 
fVlji uarr, lOLli 
hVhj nary. 2^tli 
.M.ilrli, IMf. 
.\f.til, Nt 
April, iritli 
May, 1.1 

,I niii‘, I -t 


f hr ijffuit rirnaftifti ni th<’ umofint of v'oter (it (liff'errftf 
^irpths. — Tli<’ fiist Itoi in^^s wore iiih<1o oarly in IDOO, and those 
m{' IJth Fo hi- nary aio repr«)(luco(l in the Tuar^dii. 

It is ,s('eii tliut whilst there was 22 per 

Itcjitli. Wat. T 1' < r I 1 I e 

uoiit. or watiM' at one lord below the sunaee. 

;< 0' n;n-, there was a .sliai'ii decline below this hihI at 

li a- Is 'll ^ ^ 

2' h' tin* soil (‘untaiiied oiilv 1 1 ‘H percent.: 

Ill \;5 ej-'.n ^ ^ 

j'jj' I an increase in soil nioisture followed this 
■ il' H r nntil at \V i\” tliei'e was 21 per cent. ; in tie- 

:!.;h 'd; ne.\t b" there was a deeline to IS pei’ cent, 

H il ;5 1!' *V|‘-li followed hy an iiiei‘ease. Such ditrerenci-s 

nl' I'll' could not he ascribed to eri-or of experiment ; 

* ‘ the three-inch IxiriiiLis weioli het\seen 

;iiid ’.^7.) i^rins., and as the* weight was deterinincd to '1 grni., no 
M i-ious err'or can occur in flie wcii^lnnos. Asoun, the los.s of 
m(iistui‘c from tin* soil hetW(.*un the time it is withdrawn from the 
hole until it is w(‘iohed, does not amount t') '1 gi*n),, and there 

need he no int'chanical loss. Moreovei*, at tin* time these speci 

mens wcr-c (aki it then.* had also been in, rain for .six weeks 
Such diti’erciu'cs could <»nly he referred to one cause, namely, 
ilitfen’iice in the jiliysical state of tlu* soil. Thi.s is no new 
sin^‘;j:ostion liecaiise the practical aj^riculturist considers that 
ditfcreiit cla.sses of .soil will h(d<l ditferent ainount.s of water, 
tliough he cannot oxju'ess the ditfei'ence more exactly. Mr. 
Hrioos's hypothesis piovidos an ex[)lanation, and he Inis instanced 
tln^ I'tVcct of [diysieal cliaracter in liis article in the Year Book 
of Aj^riculture, U. 8. Department, 18‘J8, page 403. But if thi.- 
is a correct interpretation, it becomes of all the more importance 
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t(. .h’fermine the exact relationship between pliysieal character 
.M)il and quantity of water held, for if this could l)e t'stabiishcd. 
It would be possible to deteniiiiie in the laboratorv the amount ol 
water which a soil would hold. The importance id'sucha nu-thod 
ran hardly be overestimated. 

At tlie present time we have only one means of estimating 
ditlercnce of physical oharrieter, namely, elutriation. and it was 
d' cided to test W'hetlier, by thisaLjency. the marked ditfereiUH's in 
till* water capacity of the Pusa soil coidtl be accounted for. 
This has not been altogetlter realised : a i-ertain relationship 
lias l)een ostahlishod, hut it is not of a simple cl i a racier, and 
-ince an examination of the moisturt* data, apart from the e\ael 
physical state of tlie soil, lead to somtMnti‘ta‘stini^M'(‘sidts. thesi* 
will he considered first, and tin* relationsld]) hetween physi(Nil 
< liaracter and amount of water in a later paraM^raph. 

The datii which I j)ropos(‘ to consider particularly, ndate 
tn the period September I DOG to Jum* I Do 7, or., tlic dry 
weather perio<l The <letails are set (»ut as follows - State 
iiient I, [)ercentage of water (dry soil = 100) ; Statcanenl II, L(rms. 
"t water ])er c.c. of undisturbed soil ; Statement in, lbs. of 
neater per c. ft. also of undisturbed soil; Statement 1 \b lbs. 
*'f water present in the jiart of each e. ft e'xamimal, that is, if 
the boring were 0 in. long, this is reckoned as [ e. ft. : if 0 in. 
long, J- c. ft.: in other words, th.ese figures re[)r(*sent the pounds of 
water in each section of a vertical column <if soil, llie cross 
section of which is I s([. ft. The statements III and I\' will he 
the most useful. At first the borings were carried to only 5 ft. 
d« ep, but it was soon (observed that the dry [leriod was affecting 
the soil to fully this depth, and since it was most desirable to 
ascertidn the water content to a greater de[ith tiian that which 
was ahected by the dry weatlier, an extra leng handh; was 
"btained, and the borings carried to H ami :i ft. from ilie surlaei'. 
I’ntil the borings were carried below’ ft., the amount of wnUtr 
was determined in every btuang, l>ut when the recon f was 
extended to 8 and D ft., this became impracticable ; the water 
was then only determined in alternate borings below 1^ in. and 
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tho jjrobablL^ amounts in tfie remaining strata were tletenninHl 
l^y inter{>o!Hti(m. Tliis }ms Ijeen done in statement IV only, atui 
thes(j deduced figures are printed in brackets. 

/^/vovoe.s fventfi*'/' i'ondftunfs . — A description of the rain- 
tall previous to tin- cumrnerjcerncnt of the moisture data i> 
dcsiraljh*. 

The monsoon of 11)06 was lato, and drainage only coinmencfd 
to flow freoly from tin- six-ieot gauge* * about the middle of July : 
the major part of the rainfall tx-curred in August wlien lM s 
inches t'rll : Septefnber was crjirjparatively <li“y. The [>recis< 
<ietai)s of ranifali are set out in statement V. 

StA'I'KMK.NT \\ 

Iiiiififafl fif'< i'n HI. s (<} cHtninnn emeiLt of oh.serrdlioft.s. 
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Rai7ifall period of obMi'rnttioa conoid. 


Vl j'eriixl. 



VII prri,*,). 

lUtb April 

■3r 
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■33" 

I6th .. 

■(11 " 

Ist Jiiiir 
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18tb .. 

•40" 



29tb 

•o.r 



30th .. 

*(I3" 




S9- 



It is perhaps neces 

sary ti) 

nn*nti<in 

tor thosi* who do not 


kiMov India, tliat th<‘ liido-i i:uiL,o‘tit‘ allin iuin (MmsiNts rntir(‘lv nl' 
lu lls of lf>iiins, sands, olavs, suooi'Oiliiijjf mir ainaln i' in a no in* nr 
l<‘ss woll-deHnod inannor. Now, it is a inistakr to sii|)|insr that 
hooauso watci' is tduml in a ooftaiu sandy stiatuni. rm water 
is draining thioiigh the elay helnw, (''lays are not iiiiperviniis to 
water; tliey are merely ladiitively sn. On tin* nther liatnl, water 
may accumulate in a sandy stratum much nmn* nuieklv than it ean 
pass through the underlying clay, and eonsiapiently in suelia ease 
“underground ” water will he found in the satnl. Oiven, Imwi-vi'r, 
sutHcieiit time, the excess wat(U- will pass through tin* elay and 
the sand will not yield water. An U[)per sand stratimi ?nay 
Uierefore during periods of excessively wet weather hold tin* lirst 
“ underground ’ water. Owing to the heavy rain <lu]-ing August 
this oocurj'ed in the Pusa soil last year ; the umi(u-grf>und watej* 
was temporarily at (our feet from the surface*. It was (uily a 
tempoi’ary state, ainl 1 1 rain age e(*ased from tin; six-feig gaugi* 
Irom September 6th. 

Let us compare also tin; (juantitv of water present on duly 
lyth, Augu.st 1^3rd and September lyth. It is clear that tin; 
soil was not fully saturated on tin* former date, tliat in tin; niidilh* 
of August there was excess of water h(;low 3 ft. ; thirdly, that 
by the middle of September tlie soil contained as nearly as 
possible as much water as it could hold by surface tension as 
defined by Briggs’s hypothesis. Moreover, there was light 
rain most days prior to September 19th, and it is probable 
that at the latter date the soil was just about fully saturabid in 
the surface soil. When the first specimens were taken, the whole 
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column of soil contained just about as much water as it wouM 
hold by surface tension, while it had not had time to dry 
materially in the .‘surface layer. 

7/<e lu the ((uantilfj of mter. — It will be ino.st 

••orn euirrit if \vc confine (iur attentifm to statement III where the 
[JO u IK Is of water p^r c. ft. in the diffio’ent strata are set out. 
It will he Sf*en that tin' flry weather succeeding September rapidly 
iiilluencerl tin* wateT ill the soil to fi depth o{' a ft. : but this 
iiitluciKM' is not regular. Tlie decrease in the Hz'st foot of soil 
wa.s appreciahht in tin* fir.st month, namely, aljout fibs., but there 
svas no very marked decrease in tlie second foot until after 
.Xfareh ; in the thirrl foot. i.r.. the more sainly .soil, tlie water fell 
to oinelialf in tw<j iinjiiths : and in the fourth hjot the lo.s.s was 
e*ve‘iitua!ly evefi greater tlian in the tliird : below four feet the 
deereasi*. though perce[>tihle, was only sliglit. Later on there 
was a lo.ss down to a depth of al>out 7 ft. It is necessary to 
jligrcHs fur a moment. Tlie soil examined from depth .r at one 
[joint in the f^xjzt'riiinMital [ilot may injt he [ireeisely like that 
taken from the same deptli at ainjtfier point, although only a few 
fj’et may scparat(* the two, (Jonseijuently differences between 
indivijlual speeirnens at this nv any particular depth must he 
substantiated by the <[uanlities found [)revious] v and sLibsea|uentlv 
at tin? same de[)th. For examjde. in .\[av the fourth fbtjt was 
found to contain (.Jidy six [louruls of water which is much Ic.ss than 
the .soil of the third or fifth i'oot, hut the correctness of the figure is 
suhstantiated. firstly, because it is evidmit from previous borings 
that this s<»il was losing wateu* very ra[)idly, and, secondly, by the 
suhse([Uent sam[>le in June. In order then to obtain a correct esti- 
mate of the rate of los.s, the data should be considered broadly. 

Accordingly the <|Uantitios of' water found in each succeeding 
foot of soil are set mit in statement Vf. From this it is evident 
that the loss from the third foot was most rapitl and next to it 
the fourth toot; from tlie stiff soil below this, the loss was much 
less, and in the seventh foot it was nominal. The rapid loss of 
water from the third ainl fourth feet is very striking ; and for 
some time I attributed it to belated drainage. But if drainage 
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liai been in progress, tho soil below 4 ft. could not at the same 
tine* have lost water, whereas it did so : tlie Kkss in the tifth foot 
u IS only small, but it was ilefinite and the same must he said 
.»f the sixth foot. It forms a good illustration of the truth ot 



1 iV| M »t 1 t‘*si'‘. lie ''aieU sIimMou runianed r»‘lat?\‘‘lv 
liore wHtei' than the loton ahova*. and stirfaee tension occasioned 
I movement of this excess water into the loam in the second loot 
>t a rate nearly coincident with that at whicdi the second foot 
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(ieliveml to tFu* soil in the Hrst foot. This is best Whu. 

Irated Ia’ eoriipariri^ the rates (;f loss from tliese strata. 

LOHri. 

feet. 

lut, f>erio(] ... ... ... .. 14*1 1^’4 -e I " 

‘irul .. ... ... 7*:i T'.'i + I 'li 

That is, the.seeoiul foot lo.st about <aie poutid more water duriri;^' 
th(j first and second peimais tliaii it receiveil. 

Ono conclusioti may be dentin itely drawt) from these data, 
namely, that the deduction made under (b) (page 8 1 ) i.s correet. 
for it is (widiuit that throughout the nine months of practical I v 
dry weatln r luj water movaal upwards from a gnaiter deptli tli.ui 
7 ft. ; below tills the water was stationary. 

Th(‘ t(fta! loss of ievffer. — Jn order to form an estimate of thf 
total loss of water during the period, the (juan titles o[‘ wat*u 
present in the uj)pe*r seven fnet must he considered. As jid 
borings lower than ft. we*re‘ taken until February, it is nec(*.s.sarv 
to assume [M'olialile <[Uantlties in tlie sixth and sinemth (eet U[i n- 
Fediruary, and similai ly, as has been fully ex[)lained. the amount i*! 
water in sonn* of the altei-nate linriugs since February has hatl to 
olitained l>y lnterp<t]ation. Tim total water found in each set nf 
horings is jilaiM'd in the last liin* of statement Xo. \"I, anti it will 
he seen that, eommt'tieing with 109 [»onrids in the whole seven feet 
in Si‘pt(Mnher, thets* remained lUl pounds on June l.^)th:0> 
[KUinds hatl theretore eva[)orated, in addition to the pountb 
of rain [)er sij. ft. which fell during tlie periotl. Tlie OH [louiitb 
Is e«|ui valent to about 10 | of what was in the‘ soil in 8e[>tembei' 
at the conclusion of tlie mousoon, and is rather nmre than wa> 
contained in tlie iip[)ermost 8 ft. at that time. 

The iiislonce (o irlnrh )vahr mores upwards. Some writer.' 
make a wrong deduction n^garding the height to which tlie water 
rises during dry periods. For example. King ( t^xperinient Statioi 
Record, Vol. XII, page discusses the data of some experiment’ 
in which soil, 10 ft. deep, was exposed to drying iuHuences for 
10 days, at the conclusion ot‘ whicli time the loss of watei 
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:ipj..>ared to be felt slightly at 10 ft. tVom tlie surlaee, umi Ik* 
Jivh; *• It is certain that a drying of those S(»ils had taken jilaer 
tliiougha depth of 10 ft. and hence tlu^ moisture 10 it. below tie* 
-n I lace of the ground may become available tor vogetatiuii pur 
jh.x's at or near the surface/’ And Hall (Jtmrnal ol AgrieiiUural 
Srieiioe, Vol I, }>. 245) expresses tlie o])ini<>u tliat nitrates i-mild 
oiine from the underground well \vater at liotliainsted, a distance 
,it some 20 ft. during such brief <lrv pt‘riotls as lier'tiorilsbin* 
,*11 joys, and wliicli are rarely so long as oiu* niontli. J^eeauso 
water moves fowards the surface* during a ilry [u-riotl is 
obviously not a proof that it rerfr/fcs the sui’taee. Taking 
the Ihisa data of the past year into eonsuhaatioii, it may be 
Slid that tht^ water which was at about 2' 2" b(‘low the surfaee 
in Se[aember, reached the surface during the dry weathei- and 
.‘vaj.iorated ; that the water which in May was in the upper tlirj*e 
fi*et, had come from the fourth and Hl'tli iV‘et : the wait>*r which 
left the seventh foot was oidy some 2 pounds ami mer<*iy inovrd 
int<i the .sixth foot. It is of course impossible to say IVoiii lh*‘ 
data we are considering what wouhl hajipmi in other soils, f'or 
r\ ample, .supposing the .stratum of sandy soil had been 10 ft. 
instead of 2 ft. thick, tlie presumption is tliat more water would 
Itave heeii lost, partial drying to a gr<*atei' d(*pth would ha\e luam 
experienced and the water would liave moved pruhably fnrilu'r 
in the given time. I ilediice this merely from the greater rate at 
wliieh this sandv soil lost water than the |<>ani ahovi* it. Ihit, It 
must i>e rare indeed that water, wliieh at tin* eoiielusion ol the 
Indian ftionsoon i.s in the }indeT(irou}i({ str<fhnn, reaehes the 

"Urface during the dry weather period. Similarly, it is (Mpi.illy 
nnprohahle that the dissolved suhstanees in sueh water, wh(*tlier 
diey are the valuable nitrates or the <d)iioxious usar salts, e;m 
i eaoh the surface. 

The rate at wkieh water was fast. -The tliird dedmaion wdiich 
I made (page 82 (d) ) from Briggs's hypothesis is that tlie 
■juuntity of water lost per unit of time will depeml on the 
uiiount of watei* in the soil, that is. a^ thr^ rpiantity in the soil 
'lecreases, so will the rate of loss decline, riiis is not so simple 
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a CHsu iis loss of heat, or Hiiiouiit of ohtjihioal chcin^e, liotii t\\ 
whieh follow tliin law, for it is complicated by the variation iii 
physical nature of t lie soil and l)y the ever- increasing de[)t]i >.{ 
srhl which becomes involved. Hroadly speaking, the data sup|init 
the* hypothesis. Tlie losses from the whole seven feet were ;is 
follows : — Ist period of :]l <lays, prjiinds or ‘7'2 \hs. per d:iy : 
seeond [M'rio<l of 41 days, I;i7 pounds or Hjs. per day; tliioi 
period of 40 days, 7 1 pounds (»r ’Is Ihs. per day. The law woiild 


constant, wlieie t 


h^M-xpiessrd matlieiiiatically Y * ^ ^^‘g 

is the eoinmeiieemeiit <)f tlie time, t,, the time in <lays, Q„ tin- 
(juantity of water pres(*nt at tin* commencement and Q,, tin 
quantity pres^mt at t,^. Hut there are <»ther factors w’hich mu.sr 
affect the rat<^ of loss. Tmnpcraturc ami humidity of the 
atrnospliere arc t wo. 


ix'rtifxri alfcets Imtli tin* surfac(* tension and tlv- 

\isrtt>it\. 'fill' iffecl trf ;i lise of t Cl 1 1 {>»*ratU I'e iiti .'Hii'jnrr trustun 

'i> ti» lower It, and >niie ijiisis theeanso of wat('r moving uj)wanb 
in the soil, an^' iherease in its valin.* would cause a <le('reased ratt. 
of flow towards the surface. This elfect would naturally applv 
to other dii'c'ctions also, f)ut we are only concerned at pruseni 
with the upward movement. Unforttinatcly it has not lx*et 
pos.siblo in the jjast season to maintain a record of .soil tein 
perature, and for the juirpose of calculation the mean temperatun 
<d the air has berm assumed to coincide more or less with tine 
of the soil This lias varied from 18 C to 32' C, The .surfact 
tension at 18 C = 72‘8 dynes per cm., at 32 C = 707 dyne> 
'fhe effoct ihrucfoie of this change of temperature is otd' 
uomiiia) tlirougltuut the whole period. Tlie effect of a ri.'^e c 
ttunperature i)n the* nsvt\sit<i of water is to 'O’r cc/C'.r it, with tie 
result that any given foi-ce (in tins case surface tension) woul> 
move a greater quantity of water in unit time. The effect '» 
viscosity is much greater than on surface tension. Taking agai 
the extreme temperature involved, the viscosity at 18' C '010 
dynes, at 32" C it is 1)077 dynes persq. cm. Thu.s, a.ssuining th 
viscosity of the soil water to be approximately equal to that c 
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w;!rr. al>out 1/3 mnre would tU>\\ in ium! t inn ‘at tlu^ hioju^' than 
dir lower teiu[)erature. 

The humidiUj of the atmosphere must also l)e exported 
to atfeet the rate of evaporation. Tf the atmosphere is .saturatt'd. 
i{ is clear that no evaporation can take place, and similarly, if the 
hamiditv is hie-Ii, the rate of lo.ss must bi,‘ lower than if the air 
i> dry. 

l^roailly speakini;, tlu'se faetors would tend to reduee the 
rate of loss of water from tin: soil very much diirinr^ tlU‘ eoKI 
weather, whilst conversely durini^ the hot and dty weather the 
rate of loss would he much increased. 

It follows from these cmisiflt*ratiniis that the vadoeity of 
fl"W. V, would vary direi‘tly as tin- surface tensiim ' and in 
directly as the viscosity.^/ : it wmihl alsD vary indirectly as the 
rrlative hinnirlity of tln‘ atiiinsjdieje M. 

ihus yn - X T, X jp 

V" = V' X , X Y ^ Tr» 

r I? i L 

If the general assum]>tion, that the rate of lo.ss flcpends on 
the compound interest law, holds good, then 

v.;!;; . K 

which on integration yields 

h)g a — log (a — x) - K t 

‘T after introducing the eori'oclinn tor temperature and liumidiiy 
log (a — x) = log a — K t, 

K is a constant obtained for the wiiole pernjd at mean ternptT 
uturu and humidity (- '00154). Since tlie effect of temperature 
variation on was .slight and it was km>wn that this formula is not 
perfect, tlic surface tension has been assumed to have br im cori.staiit 
Uiroujrliout. In addition tlie allowance for the effect of 
humidity which is included in the formula, 1 have felt it necessary 
to assume that while heavy dews occurred, tin* ** day ” must he 
taken at only \'2 honr> >o lai* a> evaporati<Mi from the soil j?, 

j() 
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<;uric<-!riL*d. A reconl uf dow was kept thi'ou^liout the <•».!, j 
w<;ath(ir. Tin* df‘[)(>sit was very regular ; it conjineiioed tu lif 
iiea\ y <'ii I nh and continued until the end ot Fehruarv, 

f>v<-ry thiougliout tliis period the deposit eoinnienefd 

ahout .) or' 6 j’.m., and roaporutiun recuinmenced about 6 a.m, 
ft >i<'e*iijs reas()nal>ie‘ to assume that evaporati«>n was suspend* <1 
at night for this p<<riod. Tlie^ result of the eoniputation is ><0 
out in the rhai t, fig. 4, 

The ijuantitios of uat^ i- aetually found in the 7 ft. of soil 
and thos«> rahadatod aro sr-t out in stateiie'iit \ IT ; tlu' rain 
whiel) oootirrtMl during laieh periorl is iioteMl. thougli it is iini 
inohided in the water lost. 


Staikmknt \"II. 



KMiiriH 


Finin<i Ciilcnlsito 1 


a.H. 

11.... 

1)-. 

M-. 


Tntal. 

Lo'i.'. 


S».|>toiiir*t'r I'.ltti, 

1691 




o<-fn>H'r -Jllrli. lOXi 

14(i“ 

(4‘2nis. rain prrsi{. ft.) 

l.w 9 ■J'J'4 

]:i2 

NovtMiiiH i rn;*! 

ITOi 

(tin iMiiil 

lLr4 

li-7 

10 A 

.t.iiiti.iiy Sf!t, l!)e7 

l-JO’ir 

(iin t aiti) 

i;i7-ti 

7*1 

7S 

Fcluti.^ry L'llh, I!J(I7 


(ffO 111 . rain persq. ft.) 
l.iVl 2' 7 

■».- 

.M;ir It ?Tlii, 19<I7 

IJIIS 

<9 ’6 Uw. of rain ) 
l2St) 2-4 



iiu;r 

(4-6 \U, 
UHLS 

of rain) 

:v:i 

4 A 

.tijuf I.'ifli, 1'mi7 


[nn rain) 



lOfIS 

IWl 


4 '7 

A n oxammatiorr 

ol 1 he I’hart and 

of this 

statement 

show 


that the (‘aleulated rxtr e/ /a.vx was in considerable defect during 
the tir.st ptM'iod (September 9th t<r ()et<>bcr ’JOth) : it theii agrees 
el(»sely with the actual uittil the liot weather Mareli U} May wheti 
it was greatta’than the actual, after which agreement again occurs. 

7/n’ i’jlri f of ramfalf. The etiect ol such rainfall as occurred 
is hest tracetl in statement IV. Altlnmgh borings were not made 
itn mediately subserjuent to rain, it js clear that in im case was 
the moisture increased beyond about F 6" from the surface. The 
rainfall of February 5th, 6th and 7th. ri3", seems to have 
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iii oted the first toot; that of ^farcli, 177", appears to have 
j*. ri Hsed the moisture in tlie seeonil foot ; tliat of June 1st, 17;’)", 
iiirc-ttMl only the first foot, or at least this is all the evidence t»f 
ij,( rea.setl moisture remaining on the dates ot sampling. 

Ui'lntioii hetireeu phifsival state and amnnut of fvatvr . — The 
h rtn “ Physical state” is often eiiipKo'tal in regard to soils as 
(h'Hitrh it were an »mtity. That it is a mistake to use it in 
!lti> sense will l)e readily admitted. 'The physical properties 
■ if M)ils are, doubtless, as numerous as their chemical pi'0[)ertios. 
li is probable that the collectiv(‘ tmu is eniployed because of 
otir gtMieral igiiorance of the precist^ [)roperties which occasion or 
fiuitrol certain efiects. The (piaiitity ot water held by soils is 
I •lit* of these effects. 

In an earlier paragraph I have sutH(“ientlv explaiiKMl my 
rra>ons for eonsidering Mr. Jhiggs’s hyjxdhesis a reliable one. 
According to it, the water in the soil should distribute itself by 
>iirtkee tetision among the ])articles in such a manner that wlien 
the s<nl is losing water neitliei- l)y drainage nor evaporation, the 
curvature of the small siirfaia^s will be ecpial. Pndc'r sueb 
i‘n'<‘umstaiices, the amount ot w'at(‘r bold betweim any two larg(? 
particles will be greater than bctweim any two small oniNs, but 
ilie (piaiitity of water held by a unit volume of small partic^les 
udl be greater tlian by the unit \olunie of large particles. In 
>bort, a sandy soil should contain a b'ss amount of water than a finer 
''OiL Such IS the liypothesis. I have also pointed out that tlie 
'■arliest borings in the l^usa soil slnnved eonsiderable diiiercnces 
in tlif‘ amounts of water contained in the 100 jiarts of soil (by 
weight), the differences being inde(‘d more marked than an 
ins[)ection of tlie soil would have led one to anticipate. Although 
it is simple to refer such differenci's to diftenmc.c of jdiy.si(ral 
properties”, such a conclusion is of no [)ra<'tical utility. If the 
effect is due to that cause, it becomes essential t<; tin; correct 
solution of the problem that the real nature of tin* paiticular 
])hysical properties ” shall lie estahlished, 

One suggestion verv naturally occurred, namely, to eoiiipare 
the total surface possessed by the soil particles with the water 
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}»ro.sent. TJiis physit'al [injperty, although difticult to estiiiiHti 
f’orr<‘rtly, is at luast fairly well defined. 

Mr. Hri^rgs ^ liy[M>tlM-sis <!oe.s not demand that tlie «|uantirv 
nC watrr pri'^eiU "hall <-ia res[)<.>nd to tin* h hd ■sarfu^'e ; it wnuKI 
dtaiiaiid a O'lfittt'f'hi smaller aijiount of watei* ])(*}' unit «>f surfat i 
in enat'^f than in tiiii- seals. I'Jiit siuer ahv uiie soil does iinf 

<Maisisl sitijplv of [>article.s of e>m' size, there heing niereiv .1 
laigi'i pi'oportion of e-oarst , or of tine pHrti<-|es in its volume, on. 
'•amiot oNpe-et that tliis fV'ature will he in any ease well niarka-d 

On notieing tin- varying propm’tions of water in tin* l^usa 
fioil, I di-eni»-d t<» rmj)lov tin* only nn*ans we lia\i toi' tin 
di'lt‘rniinatioii ot' the total .surfaee of t lie soil particles, namely, 
elnfriation, and make the indieated c<anparison, The result of 
(MM* of tin* first experiments was (*\tremely ein-our.aging and i> 
shown in the marginal statement VIH. As already .seen, tlu- 

exiH-riment supp«)rted 

St.\temk\t \ in. u 1 o • 1 

tin* nypothesis, ainl a 

Uq.ti.. '''T'’’ i’elritirnishi[» l>et- 

w<‘eii water and total 

< 1 - rtr . -Ji-m -m ,, , 

I'lr r:r' surface was (lemon 

r.r nr insi -071 . m , 

I f,' n>' -(KiS stratetl, I fils work was. 

nr' ‘j'lf I - AT osi 

.I'tf' -j ;; ?|'S7 (IN, tner(?tore. ploseeutod 

(fthrr featiiro> als.. 

f'.-nin- into i videtiee -iiid will l)o referred to .snhsi'ijUently. 

/t>r ^/n flcf.tf t(i ui'if e/ flu .sn'r/urc. — Only 

one method lor tin* a[ipro\iniate estimation of tin; total surface is 
availahle, namely, tin- sf'|iarati<ni (.»f the sevm'al juineipal grades 
ot particles hy srdimenlation or elutriation, and the asee-rlain 
ment of tlieir magnitudi'. OF chitriation mefinals 1 liave Found 
simph* sedlmentati^m in heakers very good. Without eritieising 
other uu'thnds speeilically, it may he said that For the grading ol 
the //nes/ portions, I luive Found the beaker inethud jU'eferable to 
any running water methiul. 

The proeoss which T havt^ employed is extremely simple. 
A weighed portion, usually 10 grins., oF the air-dry soil is heated 
witli wattu' and then stirred U|> in »*old water'. em. dee[). in a 


W:i(i r, n.'iti,) water 
r/ ; surface. 


< 1 " r ir 
i' tr v :r 
i' r nr 

If,' 1 a 

nr' ‘J'lf 


into i Vldetiee .ill 
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inaker : subsidence is then allowed tor a definite period, the 
tiiiiddy water decanted and the process repeated so lon^* as is 
iti’cessarv- The mean diameter possessed by the particles is tlien 
olaained by a microscopical estimate, and the total surtan* 
di diiced from thisiai the assumption that the partich s are spln ies. 
e.i^rether uith the ultimate dry weiu^ht of tlu' stall nuait, Tie* 
[M-iiods of sedimentatiim empli jyed have been ‘24 luuirs, dO minnics, 
10 minutes, 7,'> seeoiids. In some of the work a (> hours' 
M‘dinientation was used and will b(‘ speeially noticed. It was 
witheiit material influence on the result. 

Tlnu'e are one or twe points that are lie re deserving (»f 
special remark. 

(a) The Hnijofmitjf (»f tlie sediments is nalundly niest 
im[)ortant, ami in this respect I have fmiid the im'tlmd nua’e 
reliahle than mii^dit [rerhaps be antieijratiMl. In Fi^s. Xos, a to h 
are reprodiieud tlie [)hotomicroj;ra{)hs of a series of sedinrents 
te^mtlicr with tin* magnification, and it is apparent that IVoin 
such sediments it is (juite jxissihle to estimate the mean diameters. 
They have* been all through the work most reliahh:. Tlie only 
sediment whieli, microseo[)ica]ly, has pro\ (‘d irregular, is that for 
24 hours. It is eommonly calhal “ elay and consists for the 
most part of llbde*tiiied material tog^‘ther with a small rjuant itv 
of particles of irregular si/n*. The Pnsa soil contains very little 
of this, so much as d per cent, being very unusual. 

(/O The .siib-di visir>n ot the two hours’ sediment into two 
p<atijms, one of (j hours’ scalimentation and tlie (jthei’ of two 
hours, was tried in ri niuiiber of specimen.s, hut lln; ell'eet of 
making this dltferciitiatimi was only slight. For exain|)le : 

IStatkmk.nt IX. 


Dertfi. 
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iihmuItmI tliat simuld lx- repeated until tlirrr mnaiiiN 

no susjH-ndi'd mat trr at tlir rdurluvitui nt' tlir stated period. I ii my 
I'Xpernua'r tins pnifit IS eitlnu’ iirMT rea<‘li(<d or it is reaidn d only 
after the eiiiployiiient of alto;^n‘thei' (‘xei'ssj ve aiimmits of' water. 
In attempting' to arruc at a realK’ elear supeinataiit Ii(juid I liase 
tVe<piently had to u>e ^o mue)i Water that the (juantity of .soil 
dis.sfilvi’d Would he oroiiti r tliai! tln' suspended niatt(‘r. Indeed, 
there is no ohjeet in eariyin^Mput the sej)ai’atii)n of tin* sediments 
in this way. Supjjost', for example, elutj*iation is stopped for- any 
partietilar sediim'Ut when only 0 10 has lieen sej>ai'ate(l, and tlie 
i-einainitio; 1 1 0 is left to he sejiaratod with the next eoarsei- material, 
what will i)e the ultimate efieet on tlie estiliiateof surfaee ^ Here 
is a eoiiipai'ison : 

(i) \i X 10'’-7‘0: if 1 10 of eaeh sediment had heeii left 
as suLtU’ested, the rat it » l>eet>mes 7 ’a. 
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(ii) K X 10 ''= 110 : il i 10 oacii sedimont IkuI Ih'oh Irlt 
• v.T. it Would have beconu* l rn. 


SiU'li ditleiviicv‘.‘<, tlaui^li aj)|at'i*ial>lt;. are not st> ^roal as tin' 
-iln/r ori'ors of* oxpni-iinont whinli arc iirnnssai-ily inv(»lvnd. At 
th*- sann* tiinn tlu-rr is no ni'cnssity to Iravo ('Vini so lat’oo a 
|.rt»|Kirtion of any sKliiinait as 1 10. Iftlin sw'ivs ol' dt'oanta- 
fitins aft' poinvd into soparati* vi-ssnU. it is .soon tliat tiir ijiiaiitity 
lit >r<linu‘nt in each siua-ondiii^ <li'<-antat ion diminishes raj>idlv, and 
iti fa<-t it w ill lart'ly or nevm- Im* found that tin: amount of sedinuMit 
m tin' tenth decantation torins a inateiiid proportion of tlu' whof'. 
The following' ])ro(‘eduri' has, therelore. hi'rii adopted in this 
ialioratory ; tlie Hi st three dr(*antations are poured into one \ rssei. 
uid tlie .suecer‘dini; thrt'e into another ; it is (jiiite easy tt) jud^e 
hy the eye wliether the latter is mueh less than the i'ornnn'or not: 
it it is largt', tlien <leeautation is oontinmal foraiiotlnn- lhre<‘ times. 
It often ha[)peiis that the amount sidiment obtained in the 
M'eoinl tliree deeantati(»ns is so small tliat tin' whole of that 
particular gradt* imiy 1 h‘ eonsidert-d to ha\e In en satisfa<‘tori]y 
si.'parated, ainl fui-ther setlinn'utation heconn s unneeessar\’. As 
an exainph' oi‘ the relinljility of tliis inode of j)roced\U'e, the 
following may he (pioted : — 


Hv until tin- 

Sfj. <ni- 

:J0a7 


r»y iii;f (i t'* a titiH's HcoH'iiin;; 

S(^. ( jii, 

;U3s 


Alter comph'ting the ejutriations the surface possesseil hv 
the various sediments was eah'idated as si|. ems. and fiom this 
was de<lu('ed tlte sin faca- pm- 1 e, (*. of soil rn sit^f. d’liis is (‘ailed S. 
The ratio of water (I e. - 1 grm.) pel* I e. e, of soil t(» S was 
then obtained, ft is ealled K. As it is a small fraetion. it is 
convenient fo multiply it l>y l()\ 

The whole of the saiiijiles from Septemher liiOGtoMay lf)07» 
he.sifles two series in areli and April lOdC, I a7 in tlni aggi-egate. 
liavo been tlius teste<l and the details are set out in tin; State- 
ments Nos. X to XfX. For the purpose of moi-e easy reference 
tile values oj‘ K x KTare eolleeted in Stat^ tnent No. XX svlii<'h 



IStatemknt No. XX. 
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r.vliibits the iietl results very well, lii the tirst pluee, liie ratio 
for the borings of September lOtli should be coin pared with the 
water per e. ft. (Statement 111). From the latter it is seen that 
the amount of water rost* from about l(ilV)s. per e. ft. in llie seeitnd 
three inehes to about 25lbs. at '2' h", after whieb the variations 
were nominal, "fins was at a period immediatelv after tlralnage 
had ceased. It was leasonahle to antieijiate ilia I tin* sandy 
stratum would havt; a relative evcess of water ; in otlu'r \\a)rds, H 
should he liigher in the sandy stratum at that tinn‘ titan either in 
the loatn ahovt* or in the elay b<'lo\\. l\erer(‘ne(' to Stattmieiit 
No. XX shows that in taet this was the ease. H is \ery fairly 

eonstaiit until the .sandy stratum is i-eaelied ; in this it is high, 

being exceptionally high at 'X 0 ' - it" Ix'low wliieli it rapidly 
declines again. So tar tln'ii the actual state agi'e(‘d with 
anticipation. In the next [)lac«‘, it was to he (‘xpi'<-t<‘d that 

there woulil ff>llo\\ a redistrihution of water from tlu‘ sandy 
"tratum to tho loam and tlio elay so iliat h’ would heeonn* 

imiform. 'fliis also orciu'ri'd, although tin* ehange was na»re 
gradual than I expected, and the great ditf'reuee in this ratio 
of Septend^er t(;ok about tmi weeks — until tin* end of November — 
to di.sappear. The alteration of tfiesi^ ratios coincided with 
the los.sos ot‘ water by r-vaporation. It may br* suggested that 
the upper loam contained its maximum amount r)f waivv, and 
that if water was brought into it from ladow, a lik<“ (|Uantity 
must pass upwards away iVom it ; that is, K eould not be greater 
in thi.s soil, /,c., tlio i 4 )j)er loam, than about It x M)''’. It is also 
to be noted that K could be moi'e than tlnei' times as great in 
the sandy soil as it ever was tound to b(! in tin* loam or tlie clay, 
'•XCt'pting when ilrainagc was in progress in the lattrr (r/f/c 1/ 0" 
on S*‘pteml)er 19tli ; K^-^17‘9 iiidirates that drainage pi-rbaps 
bad not <juito erased at tliis di-ptli). vViiolhe/’ j»oint tf) be not‘‘d is 
that wlteii lliis ratio was abnormally liigli, tin* rato of eva[>oration 
was likewise higher than was exitected from the mode oi' calcu- 
lation which I have adopted in tlie former part of this Memoir. 

Passing in tlie second place to a review of R during tlie later 
periods, it will be seen that it decreased in all strata, tlnmgli the 
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amount of eljan^o in its value varied a good deal. In tiie firsr 
foot the efuuige was gradual througliout the seasfiii ; tluctuat/ioii- 
necurred, hut tlieso could l)e aecouiited for by individual rair]fall>. 
ill the sf'coml (out tfie (;hange was gradual until K(.‘ljruary after 
whii'Ii tiitr latitj became apj)ro\iitiat(“ly constant. In the third 
font the fall in the valm* of Ji was \ e*rv rapid during the first twn 
months, aftei' which it decrease<l gra<lually. To tfnj next six 
mcfics «)j soil, the- most sandy of all, a similar remark applies, 
'rije IdllfAV'ing six im-hes of S4>il varii.al a gojsl deal aimmg tin* 
borings. In tin* lifth foot the valm- of K fell i-egularlv throughout 
the season. 

Some (pf ilie data ppf wati i' [>ei‘ e. ft. and tin' ratio, J{, 
inav he crp!Iecte‘d tor coijjparison ami tin* season divided into two 
[jeriods, natnely, Sf'ptrnn her to No\eiiiher and \ovenil>er to May. 
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and tfie following nine iiiehes and in tin* filth foot this change 
was indeed as nearh' [iroportional as c(puld be expected : in tin* 
samly soil of the third foot the relationship was imperfect, Here 
again, then, ii'ix'gularity is a[)[)aivnt In the sandy suhsipil. 

7Vn' ifruri'ttl of f Tlie tjUrstippii may naturally 
h(* eonsidert'd wliethcr (*luti‘iation may he (‘iiiploycd to determine 
tin* maximum cjuantity of water a soil will Imhl and the prohahh* 
ratt* at whiefi it w ill los(> water in <h y weatliei*. Only approximate 
d«‘duetitms eaii hi* di’awn from the data at hand, whieh may be 
thus stated : - 

fo) The samly stratum I PI psM '>si ‘da s urface of 1.000 to ii,000 
.s<|. <‘m. per e.i‘. ot‘ soil 'I’liis is the .soil whicli lost its water 
so rapidly. 
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(h) The loam tVoin T 9" lo '2' 9" |>(K.sessotl a surhuv df :h000 
'M 4.000 s(|. (‘in. j)t*r [ (*.(‘.. and It i-i‘lainod its water extirim'ly 
well. 

{(’) The siine remark ajiplies to tlie day h(‘ldw tin' sand. 
t}n>U).,di its surtaet' was eijiial to 3,000 U[) to O.OOt) s([. (‘in. per I 
i .e. Until, however, a Li^reater variety ot' soils liave lnuni tested, 
it will he nnpossilde t(> sav wln*tlier (‘Intriatioii will yu'ld with 
them eorrespoiidino results, ()hvi(»usly, howt'ver, it' hy t'lnti'ia 
lion the watta' holding eapa(‘ity ot' soils (*an he d(>terniined. 
It is clear tliat tin* method would have a yn-»‘at ai;rieultural 
value. 

(rmAtraf e(ni<7^ns7(nes. -'riie e(‘ii(aal e<)neIusions wliieii niav 1 m> 
drawn tVoni tin' rlata dealt with in this ineiiioir may l)e suiiiinansed 
as follows ; 

((f) I)unno a dry ju*riod water inovt's upwards tfovards the 
surfa(*e from a dejith only; this limited depth iiiereasi's 
witli the jicriod. IJelow this depth the walor is stationary, or 
possibly is still draining,’ downwards. In tin- Ihisa soil this d(*pth 
was ev<aitually ai»out 7 It. If the sandy stratum had not hern 
present, it would prohahly have hi'en miudi less. 

{If) In the Pusa soil the iiiaximuiii distaiu'e that water 
moved upwards was .somewhat mon* than tliree t'eet duriiiL; tin* 
wlnde ]>eriod, and this ilistnnee was eonsiderahly less for tlio watei’ 
which wa.s originally in tin' low (‘r strata. 

(e) Watei' is lost from the soil at a rate di'pendrmt on lh(‘ 
annmnt ol' water pi'i smit, i.r., it follows the “ eompound interest 
law. ’ It is itiHiieneed hy ti'tiijM-rature he(Mnse ot the marked 
<‘hanLrt‘ »d viscosity : the eliani^e m tin* snrtaee tfiisimi is only 
slight for sueli ranges ot temperature' as omir. It varies inv(*rs(*ly 
witli the luniiidity. 

((/) The rate* of loss is mueh create a- i mined late ‘ly aite-r rain 
than subse(juentiy. 

(e) Tin? etieet ed' such ee>ld we'atlna* and hot we-ather sheAve.rs 
as wfux* ('Xperie-nced diii itii,^ tlte- pe;rie>d iineler rejvie^w (niaxiiiiuin 
175") increase.'d the water throiioheiut tin* fir>t feeot, hut did not 
extend below the second fe>ot oi' soil. 
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(y ) All soil siu'li Hs is i?i(*ju(h‘fl in tin* strata exaiiiinnci wHI 
contain about :^oll)s. of \vat<.*r [mm- n. ft. at tin* conclusion of tb.- 
nions(;on, provi<b*(i tliis is normal. 

(//) A soil posscssino not unn c* tlnin 2,000 s(j. ran. of surface 
[jor I n.c. of soil id sit ft will lose wat<“i- vi-ry much more ra})i«{lv 
thaii one ptjsscssin;.,^ 4,000 lo 0,000 s(|. cm. <jf siii-facc. 

(A) 44icr<‘ is one case wliicli [)ei“ha[)s specially re(piiivN 
remark, muiK'ly, till* ratrjof loss tV(>ni a \'erv .s;ui(lv soil. It lia> 
been sbnwii bow rajiiii this was iVom tin* samly >ubsoil at Ihisa 
liut if a sandy suil is e\ [losi'il o/ /Ac surf/trr^ tin* cireunistancc.s ait 
alti'i'ed in one particular. At first tin* loss would hr rapid. Imi 
this class o|‘ soil dries so idfc'cti vely at tin* surface that sevt'ral 
iiicbes will liecoiin^ airalry. The soil in which surface tension is 
able to a(‘t is t}n*rcfor'e pi'otected liy a laver of dry material, 
throuLrh w liieli water passes, not in tin* iiipiid form by surface 
ti'fision, iuit as oas by diffusion. This jirocess is extivniely slow. 
In a recent paper by Mr. K. Huckinyham (Hull. 38, V, S. ]4ept. 
of Ai^ric., Bureau of S<iils) In* describes expi'riinents in which 
the loss hy oast'ous ditfusion through only 2" of dry .sand 
aL:;o>'<‘,2'0ed only 1*4 to 4‘3 incln s per 12 months. CouseipieiitK 
after tin* surface two <ii- three in<*lies of a sainh* soil baye boeonn* 
rerf/yy dry, the rate ot loss would l)e lar^i'h’ coutrolh il liy tbi> 
factor and would l)ccomc h 'fliis explains w}i\' yeiy sandy >oiU. 
altlnmoji ijuitc rlry at tin* surface, are always found to lie 
perceptibly damp a tew inches b(*hiw. 

(f) 'Idle w ater retaiiiin!.;' |)ower id a soil at'tei* drainai^e has 
ct'aseil, i> closely related to tin* total sui'tace possesst*d by tin- 
solid jiart ides, and it is probable that Ironi a deterininatioii of the 
latter, tlie watcrdmldlnL;* cajiadty of* soils may be* ascertaine'd. 

(/) Tlu'sc conclusions hayc .a valin* beyond tin* mere know- 
ledge of tin* rate ot’moycun nt of wator. 'Idn*y sliow tliat sojulile 
substances, v.-duable plant -foods ;is .lUo drh ti rion*' alkali salts. 

cannot moy«' durinir diy woatber nn>re than a vny limited distance. 
It is impossible, for example, foi* salts \s bi<*!i arc present in w**I]- 
watci' to reach tin* surface unless that sulisoil water is only at a 
very moderate dejitli, sucli as 5 or 7 !'t. This not merely limits 
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:i.>uinptions on the subject of alkali, but also siioplitirs \v<irk \\\ 
n iation to tile possible distributi(Hi <if plant fotn). 

(/.) These deiliK'tions are in aeennlaiiee with wltai Is kiinwtt 
ill praetiet*. Tliey explain why a (‘roj> will witian- wlnai tiie M»il 
i.-luw the rout rauL^e still eontaiiis ahiiiHlanet* of watrr; tin* 
latter siinplv eatniot iin>ve upward fast onouL;h t‘> inert the plant s 
injuireineats. Also, why a ri'op will niaiuia' in Munr soils with 
i Very limited assistance I’rom rain or irriiiation. whereas in other 
>t»ils the erop will reapni’e this aid eonstantly throughout tlie 
jieriod ot ;irowtlr Ihoadlv speaking, etops depend ^nnjily en the 
water whieli is present in the stratum in \\hi<*h they ale develop 
inui: and reeeive onlv a very limiteil assistanee trom helow. It is 
also clear wliy it is that only tln^ uppermost soil dries to any 
marked extent. 

if \ Tlu^ term ‘A'apillarv shoulil he diseoii! iiiued in relation 
u* '-ojl moisture eoiiditioiis. It is tru<‘ that surtaee tension is 
the eaus<* ot lujUlds risine ni eaplllary tuhes, also the eailse oi the 
o‘tenti<ni (»f wat(‘r in soils; hut the term eapillary should he 
u strieted to tile (aise ot a li(pii<l eoiripli'teiy lilliii:;' a narrow space. 
Ill tin- upper soil, oe,, tin; aerated si/il in wlm-h oiir t-iops de\r|op^ 
this (siiulitioli (hfes not ohtain and lieneE' tin* nnprnprn'ty o| the 
trim “ eapillary. 
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In tlif (‘uursr of sDtiir iiivrsfioations od soil L^asrs. ami tlio 
a\ailable plant i'ood in soils, wliirh ai'o in pro^qcss in tin* 
( lu'inical Soctioii (d tin.; Aj^iu'uitural J\(‘soai\'li InstiUitoat Pnsa, 
aiuru accurate iiitbnnatioii was najuired on ihccoiictadralion (d‘ 
laloiuni carljonatc and carbonic acid in water than i‘\ists in the 
literature of this siihjoct. Accoi’iliuLtly, a scrii-s of measurements 
]iav<‘ boon made, and the data, locother vvith tin' ^^em ral formula 
exj>ros.sivr‘ of the eoneentration, art' pui)lisliod in this memoir. 

[ desire to take the o[)|)ortunit y of“ e\pr(‘ssiiie^ my ohli;^^’ 
itinii to Di', Murris \\ , Travers, k.ks . fui' kindly ads iee in 
1‘eLr'ard to the interpii-tal mu of >oine < 1 ! the residts. 


.1, W 1. 








THE SYSTEM WATER, CALCIUM CARBONATE. 
CARBONIC ACii), 


BY 

.1. WALTER LEATHER, rh.i)., v.i r , k c.s. ; 

AND 

JATINDHANATH SEN, m.a., k.c.s. 

Although numorous detsmiinatiGns have l)oeii mhkIo of the 
amount of ealciuiu carbonate in solution in presence of carbon ie 
acid, tlie literature contains only two coniinunieation.s on the 
>abject which atten)[)t to show the relation obtaining at atnios* 
[)heric pressure between the coneenti'ation of the calcium 
carbonate, or bicarbonate, in solution and the partial [iressun* 
<tf the carbon dioxide in the [ihase. The one is by Th. 
Sehloesinif who in 1S7'J [)ublislu,‘d^' the results of a series of 
determinations on this ndationship at !<)(,'. The other coinmu- 
iiieatioii is by Treadwell and Jleuter who publisbedf the results 
-4’ a series of determinations on the same suliject, conducted at 
I.V(L A]>art from the fact that the coneentratioiis obtained in 
these two investigations ditfei' widely from eaeh other, and the 
nneertainty which (;o!ise<|iiently existed as to which was tlie 
more reliable, we required ciu’rect information for temperatures u[) 
to about 4(TC. for the assistance of the other work which has been 
brictiy referred to in the Preface. 

It is of interest to refer to the methods employed in eacli 
of these investigations, because the accuracy of tlie data must 
depend in a great measure on this. It is obvious that whether 
carbonic acid is brought into coritfict with calcium carbonate 


• rvmpt. JUnd, 74 (1872), irjo2 ; and Jour. ('hem. 2:j (1872), 7g« 
t f. anor^. Chrmxr^ XVH (18^8), p. 170 ct sc'j. 
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and \vatf:i\ or Ofjnveisoly \v hot her a solution of calcium lu<;,i 
honato ” is exposed to an inactive gas, the reaction is a 
one. ajid (;<|uilil>riuni will oidy ho attained in a coniparativ» I. 
inief [)erif)d II tlie contact hetweeii the* several [>hases is intincit** 
Seliloi'.sing [Miniped air containing known amounts of carf.-n 
dioxide througli water containing tvdeiuin carhonato in <*\(*ixx 
for six or seven days at t;onstant tein[)erature ( I <1 (J), wlieii li- 
consi(l(*ied that e(|uilihrluni had set in, ITc says “ (^)uai!'l 
1 V‘( juilihr(; est t'tal>li dans la dissolution, e'ost-a-dire ajU'eS six r,\\ 

sept jours, ’ (p. l.j.Vt), hut does mjt explain iiow In* ast'cr 

taiinal that eqnilii)i“ium was estahlished. I idess c<judihrumi had 
aetually oeeiirred, his ('oncent ration would tend to l>e too low 
iti eoiiijjarison with the partial pro.s^ui’o of the (,’t )^. Seliloesing 
considered tlnit the* s(*lution eonsisii“<l ot ealeiuni carbonate of 
the same concontiatioii as pui'c water would contain at Ut C\ 
oarhonie* acid ol‘ the sann* (‘oneoiit jatioii as [)ure water would 
contain at I ft ( and iindei’ tin* partial pressure of the svstt'in. 
and cali'ium Ijicarhcniate of tlic coiie«‘nti'ation w hich is demanded 
hy the forinuhr 

X- .. ky 


Where X - tfic 

[Kirtial 

prc.ssur** 

of the 

gasC‘)Us C(K aii'l 

m dZSfttl. 
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Tlie dirtoiviioes at low concentrations arc only small. InU 

ii higher concent rat ions, ours are considerably greater than 
Schloesing's. 

Treadwell and Reiitei- ex[>oscd a soluti^oi oi’ caK'iuni i-arlatn- 
.It. in earl)onie acid to air in larg<' bottles. w}u(*li were 
;Uid considered that tin- systi-iu had attaineil ei^ililibrium when 
ii'i I’urther (diaiige in the eoijipnsition »►! tlu* gas phase was 
iiotieed. Tin: \'t.'.ssels had a eapaelty i)l“ about ‘Jo litri's and were 
a’oout halt rull ofliijuid. Thus (hey adopted tin* slowest possihlo 
:]e*tho(l devisable tor the oial in view ; (oi‘ although the solution 

iii ar the surhn'r* of the ll<|Uid might l)i‘ exported to approach a 
ante of (Mpillihriimi with tin: gas fairly ijUickly. the “ l)iearhon 
air * in the remaindrr of the litpiid could only arri\e at tin* 
snrfa<e Ijy »litl'usi(ni. As a rrsull. their data fu- the concentration 
M.ighl be e\[)eeted to he too high in eoiuparison \\ ith tin* partial 
pressure of the (db. In tact, they sr*em to ]ia\<; rreognis(‘d this 
di trrL tor they say “ Aueli bier ist in r'lslrr lanie das j*lrlialten 
* iner J)urclisehnitt.sj)rohe \on \\ ielit igkeit. deiin es ist klar, dass 
das Wassei' niriit in jialrm Iloln'iischiehl glei(‘hmiissig sriin* 
d»orl>ierte: K<djleiis;iiirr ahgirhi ; am meistm (his \rrlirr(. dir 
"hrrste, am w eingstrn dir uiitrrstr yrhielit (p. I To). I’liis 
iirecssarily implies an admission that the solution was inU in 
' 'juilihriuin and (‘tHis( ipieiitly detraets much from the reirahilily 
“f the metlnnh The follow tng eomparison may 1 m’ made hr lwaam 
die cuiicentrittions as found Iw lln s<- authors and ouiselir's. 

tUlO;*l ]itrs-!itf I'l v;i‘i Wrl I aii.l Itcult I I.r;all(a and S"ll. 

<..f ( n ,11 I ir/< . t l.Vi', 

IV ' A O,. , eo, ( AMI,, 

iiijih^rtiMiiii'- }'iM .-.r. 


v>-c, 

Tills com[)ari.son sufHcieiitly e\hil>it.s the great diva igenee, 
ijctween our results and those ot Treadwell and lieutor and 
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illuHtrato.s the necossity of |jrovi({iri[< for very intimate contact 
f)ot\v'ceii the two pfiantH in all such work. 

It was early recoj^oii.sud In' u.s that the greatest care must h#* 
adopted in order to f>htain even approximate equilibrimn, 
SchKa-sing pixivifle-s t)iily a veiled explanation of his apparatus in 
his conimiiiiication, ami in oiir hands at least the aspiration '-t 
oarhfMj dioxi(h; and air, through watei' containing calcium carbon, itr- 
in snspmi^ion, s[n)wed that the contact was very imperfect ainl 
oijuililn-iuni (S)uld not be obtained in .any short time. On di, 
ollici’ hand, it an a(jUeous sulntion ealciuni carlnmate* in rar- 
l>onie acid l)e‘ nfjttnfol with aii*, the I'tsiction [)roeeeds rapidly ami 
<‘quilihi‘ium sttts in in the course ot” two or thr^jc hours. Tin 
ri'ViU'so ehango, muiicly, tin' solution nf ealciuni earbonatt!, wln-n 
shaken with watci' and .air containing carbon difj.xidc, proceed- 
materially more slowly, and must .also de[)end on the fineness of 
the carbonate ; it it is trcsiily pi-eei[ntatc(.b equilibiium sets in in 
the course ‘>f tlii'ce or tbur hours, but if the [)articlcs are larger, 
the [)rocess is more protracted ; simple boiling of the precipitat-' 
is suthcieiit to make a material ilitl'erence in this respect. I fad 
the neccs.siry apparatus Ijceii at our dis[)osal, we would liav. 
preferred t<; employ both reactions, l)Ut piactically our ex[)en 
meiits liad to be rmiipietcd during tlie woi'klng da}’, and consi 
ipu'iitly, although . a numiier ot‘ dete rminations have been m.adi 
from ( 'a(J( b -f (^( )^, we ha\’e deja iided <»n the results of th(>>r 
which have j)i'ucee(b'd from tiio solution -f air, hecausc equilibrium 
could he attained so nimdi moie quickly. 

Mi'tfiods (»/ (inulf/sts - l^tdoi’c < [escribing tile s|)Ocia! 

aj)]>aratus which has been cmplovtal tor the investigation, it will 
i)e camvenient to mention what analytical methods were used 
The carbon dii^xide in the gas phase was. determined ga.somctn 
cally and the ooiuauitration expresseil as a percentage ; the water 
vapour was naturally included as a part of the gas. The calcium 
was dotermiiUHl by titration of the solution, after tllteriiig off the 
insoluble carbonate, with dilute acid, metliyl orange lieing used 
as indicator. The *' free carbonic acid wjis determined by 
boiling the f^untihered) liquid and alcsorbing in soda lime. 
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The liiethiKl of ohtH\ n\ny fin .snmvvm/ 

, 'onponent ^. — After some prelimiiiarv work, h nunilier nf rxperi- 
meiits were made with a vessel whieh eontained tlo^ s(>latiiai, 
e xcess of calcium carhouate and air. 'Fhis vesstO \\‘as provided 
with a tap hy means of which [(oti'r o/or) nionirntary I'ominiiniea 
tii)n could be made with tin* atmosphere. It was lield in a water 
hath of cemstant tein[)eraturc. I'eriodieally (every Iti to 1.') 
mills.) it was taken out ainl the liipud aLtitateJ, Some time after 
jio further alteration of pressure eouM he pereeivrd, the vessel 
was attached to a oas burette, and wbih* a samph* of the was 
witlidrawn, mercury was allowed to flow in, thus prio'entini,^^ any 
-(■rious alteration of pr(*ssurt*. Then, sampl»^s of the solution 
were withdrawn for the determinatiim of the <‘alelnm eal■l)onat^; 
and earhtmie aeid. We eonsidertal the ajiparatus fiefeeti\ e simply 
because intimate contact lietween oasand ii<]uid was only ensured 
during the iirief period of agitation. A seeoml apparatus wliieh 
we devised is shown in {ilate No. 1, 1, in wineh a \\h)ultrs hr)tlli- 

A served as the reaction vessel. The liori/.oiital pniley (* rev 4 »lv. 
ed and earned the Woultl’s hottle in a <*irenlar path, bni sinee 
the latter was [irevented from I’l'volvino, the lifjiiii] was dashed 
against the end of the i^otth* at eacfi I'i'volution of tin' pulley. 

Fig. 2 in the ]>late illustrates the aj)j>aratus with w hieli wo 
made all the later determinations. A Woulirs hottle A again 
^^'rves as the reaction vessel, hut in place of a eireiilar motion, tin* 
latter is vertical ; tlie clamj) I) liolding the lioltle is attached hy 
an India-i’uhher cord to the bottom ol' tin* water bath H : wln*n 
the crank (] is turneil down, tbe rubber is slack ; \\ In n it bcerjines 
horizontal, the ruhher is Just tight, atul naturally heeonn.*s st retch- 
ed while the crank moves througli the iij>]>er semi-eirele. (amse- 
<juently the liottie re<;eives a jerk at e\erv i'(^yohif ion (»f the 
jiulley. The bottle is provided with a long eapilhuy tube K and 
stop cock which aflmits of n.-estahlislinient <d‘ imrmal [nessitre by 
communication with the outside atmosplier**. This stop 4 ;oek 
was opened fre(|uently at first and somewhat less r»fte!i dm i tig tin* 
later stages of the reaction. F^juilibriuiii was assumed to have 
set in when no change of [iressure could be perceived mi opening 
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this stop cock ; the Hi'itfitifMi was, h(uvevei\ continued for soiii.* 
two hours lon^^^er in onlcr to secure as complete a chan^^e 
possihle. After tliis the hot tie was I'cinoved, attached to a 
hiirette, mercury run in at F ami pis withdrawn at E. Th. 
samples of solution were then iiniuediately taken hir estimati***! 
of dissolved earhonic acid aiul calcium oxide. The calcium oxid.^ 
employed foi' tlu' s{»lutiou of “ hicarbomite ” wjis obtained liv 
lmi'nim_^ a sample of vt*ry oood marl>le. 

Thr solid iJk(s(' roiiSf.sfs nj (d^CO^on/y , — In order to deter- 
mine whet Ijer the solid phase in the system CaCO„ CO., watei 
containeil any hicarhonate, two <*x[ieriments were* made. Th** 
separation of the solid for dire<*t examination without decom 
position of any Mi-arhonate (if such existed) appeared to n- 
impossihle, and recourse was (*oiise<|Uently Iiad to the tollowiii’,: 
indire(*t method. A solution ol <‘aleium carbonate in carbfimi' 
acid WHS prepareil ami then aojtated with air s(» as to product 
eijuilihrinm. Tw(» [>ortions of the li<|ui(l were then boileil ami 
the (rarl)on di<»xide. which was evolved, determined. The on*' 
[H)rtion incliuleil the [)n‘eipitated earhoiiate ; tlie other was tilteri*il 
rapiiily into tin* hoilino Hask. The results are as follows ; - 

( ’(), L'Volvt'd frc»ni 1(MI fc. s<i|iiti<»ri 
withtiiit dUtMinij Hftt‘1 leiiftva! 

nt!‘ sitlid. of Mtlid. 

1:010. 

I ... ... ... .. -Iiidl 1*21 1 

I! ... ... . ... -nS.lT oTr.O 

in each ease slii^htly Ij*ss C( was obtained after separation 
ol the precipitate, whieli might he urged as evidence that the 
precipitate contains sonn* small amount of liicarhonate, hut w« 
consider such a (‘onclusioii unwarranted. Wc had no means of 
sx»H‘Uting the filtration in an atmos[>here of the same eoneentni' 
tion of cariam dioxide gas as had been in e<[uilihrium with the 
solution, and were compelled to expose tlie li<juid to the labora- 
tory atmosplivre. Such exposure would necessarily cause a cer 
tain amount of the dissolved carbonic acid to pass into the air. 
and it wjvs anticipated that less carbonic acid would he found in 
the filtered than in the unfiltered solution. Since tlie difference 
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iM-tweeii the two detenuiimtions is so small, we consider the 
alisence ol the hicarbotinte tVt>in tlie solid phase is proved. 

Whilst writiiijL^ this memoir we hav(‘ seen tlu* leiords of 
two series of experiim^iits which have been made to as<‘er(ain the 
e\i?Htenee of solid calcium biearb<>nati'. Iti tin* first u{' these 
( ’amer<Mi and Robinson* determined the relation hetwem pre.^^* 
Nine and coiu*etitration 4)f carl)onio arid in the preseiict' of ealeiuiu 
rarhonate and water at 0 (\ \\\\ to 4 atmosphere's, and fouml 
that the om' iru-reased with tin* other. Had a hiearhonato 
faiiiod, the pressure would havo remained eonstant durinjf its 
formation, and tlu'V accordin^dy eonehule that no solid hiearhon- 
ate is formed. In the second series of (‘Xperimeiits Keist'i* and 
MeMasterf preei[)itated a solution of calcium ehloridi* with 
aiiitnoniuin hieaihoiiate, both solutions heino first reduced t(> 0 (\ 
The preeipitate was I'apidly iilterod and washed without any 
Hppreciabh* rise of t«*mperalure la'in;.^ [)eniiitted : this [)rreijjifate 
was then found to havt* the formula Ch(X), I7;')H.,(X)v The\’ 
also examined the solution which had hren first aL^itated with air, 
aii<l found that the relatimi hotwr‘i*n the calcium earhonati* and 
cai’honic aei<l to he the same as in the solid. Since the tempera- 
ture 0 ( / is so mueh helow what we have employed in onr experi 
ments, it is imsafe to criticise tliis work •)!> tlie hasls of (uir own, 
hut judgint; from the efmeentrations of the tw(» (*ons(itiienls ju 
sohjtion as found l)y Keisei' ami MeMaster, it sf*ems likely that 
these .solutions were far from heitio in eijuilihrium with the air, 
ami that had they been hi’ou^dit into equilihrium, not ordy would 
the c<nieentratio]iH have fallen very coiisirlerably, but tlie ratio 
between CaCO, and would have altfa’cd maferijilly. Tin# 

presence of the carbonic acid in the [)reeij)itate is not so readily 
accounted for. hut it se<*ms reasonal)le to su^j^oest ifiat it was 
|)resent as a solid solution rath-u- than as a part of a definite 
chemical compoutMl. It see-ms to us at least jn'oved that at tin; 
teniperature 15 C. and upwards calcium l)icarh<mate caiirn)! exist 
in the solid state, 

• Jour, p/ujjt, /'firm. .\ 1 1, .'f'll, 

t Jo^i. Am. rfifni. Soo., im, \XX. ITH. 
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Mode of e.rpres.dtuj the resnlUs. Apart from any consider-i 
tion of tfie exintonce ur otijoi'wisc of the bicarbonate, it is ihU‘ij 
simpler for all [o-actical pur[K)ses to consider the eoinponcnt.s 
the solution to be caieiurii carbonate and carl)onic acid respectivt-lv 
ami to calculate raeli as a function of the partial }>rcssure. 

Therefore, from the data obtained at each temperature tii.- 
constants in tlie e.\[jre.ssion 

C“ - kp 

have bcHii evaluated for (JaCJO, and (JO, respectively, 

Oi) plotting the salues of thesr; constants against tic 
temperature*, tliey \sere* found t(j be sliohtly irre^i^ular as w;i> 
indeial anticij)ated, l)ut as thi*y showed no indication of Ivin;: 
on curvf's, it has Ijeen assumed that they are linear fuiieti(Mi> 
of the t(*mperatui‘e, and that tlie value of n may be expressed as 
u t /[t. that of loe; k as y^l\. Hence* tlie (Mjnee‘iitration of* either 
<Mmstituent may lie expressed thus : — 
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In the followiiytt p:^L(es are set out for eacli temperature the 
e\pei*imental data, and tlioso calculated from thcoeueral fonnul.c. 
in »“harts and tabular stat(*nnmts. 
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PLATE II. 
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Tho siiUjoitiod statement sliows tlir cnjiceiitratioii of ( 'a( !( )^ 
atnl (X)j ?/< in.fjfi'nis. pct’ 10^^ <■ <'. as (‘xperimeiitally IouimI and as 
(•aleulatetl from the ^etieral loinmla. 

F<ir CaCO,. n - 2-or)r)4, !o^r k - 2-0tJll3. 

For CO„ n= r51‘27, k . 
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PLATE VI. 



TkMMKRATURK (.). 

Tin- sulijuiiiiHl .st;itt.*ineiit sliows ilk; couci'nti’ation of ('u(’(), 

iinl COj Hi yj( /■ liM) (‘.r, as <‘\|Mk iUM.’Otallv found and as 

■a leu luted from the oeiienil formula. 
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Conclusion. 

The inl^orraation contHiiied in this Memoir on tho sohihility 
of calcium carbonate in the presence of carl>onic acid is 
obviously a step towards the possession of more exact kiiow- 
bilge than we at present possess re^^arding the concentration 
of lime in the iU|Ueous solution in the soil. Altlioii^'h im])ossibU* 
to obtain this solution from the soil in an unaltered state, it is 
feasible to obtain specimens ot the gases, and trom a knowletlge 
of their compsition to make deductions regarding tlie amount 
of carbonic acid in solution and Inmce also n^garding tin' <‘o!e 
centration of calcium and other carbonates. Our prosj)ectivo 
work naturally includes a study ot tlu^ relations sul>sisting 
l)et\veen the carbonic acid and other carbonates commonly pn^sent 
in the soil, in regard to which such information may h<‘ lacking. 
The conclusion of this work should j)lace a general formula in 
our hands with the aid of which oiir objia*! may be attained. 

Althougii only om step has l)e*‘n achieved, it has lasn 
possible to already apply it towards a study ot the solubility 
of soil phosphates in the [)rescnce •)f calcium carbonate ami 
carbonic acid. Tlie solubility of soil and rock minei*als lias Imhui 
repeatedly showm to be much greater in the presjMUM* of carixmic 
acid than in pure water, and accf>rd!iigly this constitin-nt Ims 
been con.sidered to be an im[)ortant natural s(3vent ol piaiit food 
in the soil. Such experiments have been, liowever, uniformly 
made with pure carbonic acid in such c<»ncentration as can rarely 
if ever occur in arable land. On the oilier hand if soils are 
treated v;ith water, calcium carbonatf^ and carbon ic; acid in such 
jiroportions as occur naturally, the result may be a <juite differtmt 
one. For example, a number of soils have been placed undiT 
these circumstances and in no case was it found that the 
solubility of the phosphate was increased ; genera 11}' indeed tin; 
effect was a somewhat reduced solubility. 




PREFACE. 

This MjMuoir provides iiitdnimtion regar<liii;i tile anKUint 
.1 writer transpired by some of tiie cMxninoidy cultivated omps, 
xvhiMi LjrDwn in Behar soil : it is anticipated tliat similar infnrma- 
ijnit regarding transpiration in other soils may be collected in tlie 
cuiirse of another year. 

Nearly the whole of the work lias been done liy Messrs. 
K. S. V^iswanatlia Iyer, and A. Viswanatha Iyer, a. a., two oi‘ 

Assistants in the Chemical Section of this Instituti*. and I 
to take this opportunity of acknowledging the care they 
Irwe bestowed upon it. 
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liV 

.), WAf.TKK LEATHKI^, Tti h., r.I.O.. RC.S.. 

I.NTUnlH'CTloN, 

I\ Ohaptcr XI ot‘ tlirii- iH'poii, tin: linlian I ni^at imi 
rniiiiiiissiiMU 1!H)| {);>. rriiiark : “ In iln* (■nuis(‘ itfnni- invest i^at inns 
)javt‘ Uia'ii stiMK-k tin* small aiiKiniil nl altciitti>n wliirh 

ijijtoars to liavi' Kmi ^ivni Ky tlio I Irpartmcnls of A^ricull ui r 
(!ii| Works In mattors ronm-rird wlili llir a|)]ilu‘at ion o( 

wat'-r to onltivatod croos, At pivscnl naisl (d tlir itdoriiial ion 
\\li!<di can In- had on tin sr points has lo l)o taken iVom j^ipiTs 
I'lihlished hv tin- Al:i i<ailt\nal Ihiivau in Aiiierioa." It is indeed 
hai'dlv mM‘e>sirv to dilate on the -eiieral iiiiportaiiee of thi- 
oihjeet in India where an enieiml water-supply is, over at least 
v.‘i V lar^e areas, ]>rohahly of oi »‘atei' impoi taiiei* than aiiy r.thei 
'■Mjidition whieh appertain> to its aL^rietdt nre, 

The suhje-et of the wat ej -su pply to crop- iiiav, apartlroiii 
lainl’aH .a- rpn>tlons of iiai, nation svMeni^, he e<.n veiiient ly suh- 
di\ ided undei- six heads 

(1) the iiioistne» rd‘ a soil for the pm po>es rd' 'O'l ininat ion 

and initial ^O’owth : 

{'2) the total (pianlity (d' water repniivd Ipy a emp ; 

(:;) the period of growth during \ylileh a erop r(ajnna- most 

• . .'^cr ; 

i'j ^he ain<'*unt of water whieh is contained in a s(dl , 

(5) the prc]iortion of this wlii(-h is availahh- to cro[>s ; 

(G) tl n:t effect on tlnrhiimu’iii of o e/’oyM»f \aryin;,r pi“o 
portions uf water in any specific<i soil. 
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The infornifitioii contained in this Memoir relates to -iiv 
<e<'ond and third of’ those siihject.s. 

ddio vo;j^<‘tahl(i pliy.siohjgist has devoted attention largelv 
the or;4aiisof' plants which cliioHy control transpiration. Ht- ha> 
(Mnn[)ai-ed tlie pi-occss with the relative al)undarjce of tlie stoni n i. 
has (‘stirnatrd the relative activity in this res])OCt of the n[ip^.r 
and lowr-r side of the leaf, tlie activity of the parenchyine, Tlie 
function of Iiairs an<l the like. In such investigations the \vat>r 
tran>piisMl is connnonly i'{d’erred t(j tlie leaf area, or t<> a uuit 
area of Iraf, or cipial parts of a plant have heen ^nnployoil and tie 
cpiaiititics (»f water transpired in erjual |)eriods of time have h. , i, 
<‘(Mnpared. Hut for the end whicli we have in view, namely, ati 
(•>tiiiiate of the watcu' require*! i>y crops, such investigations cafi 
only have an indirect value. Iv\perimcnts have al.so heen mad'- 
on the efi’eets of light (jf different refVangihility, of temperature, 
am! of humidity. Whilst the tirst ofthe.se lias no direct hcariia: 
on t)ur suhjcct, the s(?cond and third are important, l>ut a 
knowh'dgo of (heir iiilluenee diudiig the wlndo growing pen<»d i> 
laapiired rather than at individual times. Hulecd, cxperinuMit^ 
liavc been so commonly made for short periods of time and 
frequently with pai’ts of j)laiits of’ non -agricultural interest, rather 
than witli the more imj)ortant ti(dd ero[)s, that much of what ha> 
heen published on transj)iration of water hecomes of little direct 
use to us. It will i)e well to emphasise the limits of the suhjt'ct 
we are to deal with. It is sinqdy How inueh water i.s tran>' 
pired hy our several fitdd crops and '•during what jieriod dor'' 
the onij) require the princi]>al portion of this water ? ” Several 
experimenters have estimated the former, whilst as to tie' 
latter ijue.stion, although deductions may he made from published 
(lata, attention docs not appear to have been directed to d 
specially. 

As regards the total quantity of water involved, it is^to ’ ^ 
anticipated that a large plant or crop will transpire rr^r&' wato 
than a small one of the same kind. Consequently it heconir^ 
essential to adopt a mode of expressing r)ur quantities which will 
make them applicable to all general cases. 
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Those who have dealt with tlie suhject wliich \v<‘ have in 
!vi; d. have iiniforinly referred the tmter intusinred nrudd 

-f iri! jildiit proihiced, and have expressed the relatitm In'tween 
•!; -e two quantities as a Ratio, naiuely. tlie parts hy waT^ht of 
w i!* r trans|iired per [ |)art of dry plant suhstanee priulueed. 
T'h;s is tlie Transpiration Ratio. Thus, if tin* transpiiation ratio 
mj' wheat were stated to l^e 50ti, it would imply that tor raeh 
!t.i!ni(l or ton ot wheat crop orown. ineludino tin* oiaiii, ehatl 
up I 'it raw, (but not the root) 5001 bs. or tons of water would be 
M.iii-'[)iivd. It is then a simple matter to ealeulal<' the ijUantity 
n* 1 acre : for instance, say a wheat ert>p wtu^dnal [,()i){)lbs. jiei aere< 
,umI the transpiration ratio were 4, Mb then the wci^dil olbvatcr (rans- 
l-ir<‘d per acre would lie 4,000 x taO--- 1 ,»s0(b000lbs, or 
'Ml tons or, since an acre of water 1' dcop wrayhs (appi'oximatcly ) 
'Jj7,00()lbs. ‘.;'oT.VmmV- ^ inches. This is tin* simplest mode 

■ «t‘ statino tlie information and is ad<>plcd in this pulilu'at ion in sn 
tar a.s tlie first ot our two subjects is eoma'ined. 

lieferencc may now briefly be made to tin* work of others. 
Tin* transpiration ratio of held (‘ro[)s has becai determiiu'd at four 
A-^rieultural Stations, namely, at Ibitliamsted (ISIS) by Lawes, 
at Dhann* {lS()7—72) l>v I lellrieoci. at Munich (I s/d) by 
Wollny, and at Wisconsin (IH'.tl -trj) Ity Kiii;^. 

Their re.sults may la* suitably summaiisf'd thu'> : 
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Fr’oin the [)a[jei-s wliidi tlieso authors puhli.shod it appear'. 
the amount of water Iranspirefi is very lar^o, that it i.s 
(lui iii^^ the [jt'i'i'ai of‘ rapid Ir-af lieVelopimait and until the I'ln r 
jhi nn-d atti'i' vvljiuh it rleelines, and that it i.s aflected hy temp- i;i- 
tuie, aliiio,'[)!if;rir* liuniidity and the suj)[)lv of plant-iofxl. 

it is evident, })Mwe\'er, tliat, iiiastniieh as Indian eliin -n-- 
conditions aix- sd w idr^ly dilferi'iit from those of the Aoricultiiiai 
Statiniis motitiom.'d, tin* al)ove transpiration ratios wouhl in nhv 
ca>e rc(|uiro careful cheek i>y cxpm'iiiieJit'^ made in India ht f.,], 
they could !)(> eniployj'd w ith any (s>Mtidenee here. And thi'. i- 
the iiiDie desirahle hecause* of the \erv coiisiderahlc ditlereie-' 
which occur in tin- S'alues of the [luhlisln'd ratios, 

'rie* ijuestion as to whether plants tratisplre tuon*, oi' h". 
watf-r in the lri>j)ies than in Furojae has indeed formed tlu' suhji i ! 
ot“ a numljer of experiments and discu''si<ii!s since Ilai'^ i 

latidt, from expeiitiietils made at Fulteiizore in da\a and at tdaz 
in I (oil, and, e<)nciud( d that tlie traiispiiatioii is miu'h h‘ss in tie 
“ moistwvarin ’ climate of \\'e>t .la\a than in middle Kur"pe 
Aitainst this u])inion tiltlay, Ihnyterstein, Holterniann and othe)^ 
have (pioteMl L‘Xperaments which eontiadict sucli a conclusion. It 
■seems that all the ohservatioiis related to amounts <jf water 
traiispii'ed <lutinLf short inieiwals of time such as a eoU[)lc '-t 
hours, and were for the most pai t lefi-maal to the area of’ leaf 
surface involved ; also that many (»f the experiments were mad- 
with [>arts of plants, The limitation of tlie work has heen fuliv 
recocnistal hy Iluroeistein wlio says (paye I7d) ‘‘dass es nielit 
ajiejedit, die in ahsmitia soils fur eiii j>aar Tage ermittelte trau' 
j)iratiou nhonsehiiitteiiei' Zwei^e (xler Jdiittcr \on ein paai 
Pilaiizenarteu t'ur div' latsiiehlielu' Jahresleistuuo eines i^<anzeii 
W’oetatious yndiletes zu stihstltuiereii. ( 7Vo/es. ; that it is m ’ 
legitimate to suhstituie for tin* aetual ye:irly r(‘(|uireiiient ot a 
whole vt\i^etahle reoiou. tlie ti'anspiration of isolated twi^s v 
leaves of a eouplo ot plant varieties, whieli has heeii^Oi'^ef . tamee 
in the ahsonee of dirtet sunlight during a ciniple of days). It i- 
obviiuis that the factors which control the water rcijuireiiients o: 
any particular eroj) are so uunieruus and the value of each s* 
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.Milt to (letci'iniue witli oven ili.it it 

ns uiiiAMisonable to tKnUu'o it lor one i ouiitry iVom nUst^rva 
*: iiinde in ;uu)tlier o^‘ entirely ililVei'ent eliinnte. The ilatn 

\\i; >h we have ohlainerl at Pusa ho in tart show that tie' total 
u lO'i* i’e<jiiir(‘inent ol’ some of the erops yittwn hui'iiiy tlir moist 
p. -aalof thr S. W. monsoon is histinetly smallrr than thosr 
j! .wri htirino tire eohi Weatln r, and thus support in jrut llahrr 
: jiaii’s ai\mmenl, Iml it is eijiialiy ca r tain that the eoi i espoinliny 
' - ■ juireimmts of other ero[>s j^o'own at the sanu' peiaoh are murh 
’aiiiiM’. riie iiatnie <»1 the ])lant is an important fa<’tor. 

For several years laa-oids uf the amount of water \vhi»*h 
n’aiits. spt'rimt'iis ot' oui' tiehl ei‘ops, transpiii' thiouyluiut tln-ir 
]*( rio({ (h’ j^M'owth have hraai main tai inal at Ihisa hy means i>t 
' pot -eultiii t's, ’ and eoinpai'ison of these data showa d that they 
wtfeso I'eoiilar that, apai't from l►ther iwltlf in-e, they niiylil 
properly he a(*(a‘pted as a means ol ealenlatino’ the total ijuanlity 
"t w ater reipiired. It will prohahK' he most eoii\ eiiient to the 
I. ailiM' if the suh|erl-niatt<'}' is div idetl as |njl(i\\ s ; 

(u) method employed : 

(//) data obtained : 

(e) examination ol' the data with a \!ew to eslahlislimy (lie 
■ tlhei nf various intlneiieino (aetors. 
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FiKuuj the jar. soil is nhvRys damped before M,.^r 

[)Hcke<l into the jar, lJeeau^o experience has shown that tlie w it... 
subsequently aihled becomes distributed iniich more iinifornil' ij 
this pr^^eedure is Hdo[ited tlian if the soil i.s packed in aii-m v. 
As re;^oii“ds the degree (jf nioistness, discretion has to be ij 
fer sidU vary witliin wide limits in the amount of water re(jui!*-.j 
t<j inakt; them iindst : but, roughly .S[)eaking, suttieient water !- 
eaiadully win ked into the soil to make it just a<lhere togi tli* r 
wlnm [ii'esseai in tin; hand, without running the risk of i' 

" puddling/' .Stmie M>ils are [jacked into the jars Ijy j)r<;s-iii: 
with the fist, otheis such as tiic Black cotton soil, ai’e best ''hIn 
shaken into tin: jar'. After tilling the damped soil into tin 
jar, water is atlded in <|uan titles of about half a litre per d o 
until the rlesired ({uaiitity has Ijcen introduced, 

M()</c i)( OilditKf In these exjjorimcnts the wai*i 

was always added by means of unglazed earthenware cylinder^ 
about 'S’ djameter and ti'om S’ t<> Hi” deej>, [irovided with sniali 
holes in the bottom and b^wer [jart ot‘ the si(h‘S. 'riicse cylin 
dels are lixed in position in the centre of the soil when tilling 
the |ai', so that the upp:*!' edge eolneides approximately wuh 
that <d' tlie jar. By this means the surface s<m1 remains Inns. . 
friable, and nearly air dry, iJinl cracking is thirs avoided. Tit- 
direct loss of water' iVoin the soil surface is at the same tiin* 
much reduced. Kx[)ei iments which havi‘ been made to t* -t 
this latH‘1 [Joint liave shown that the loss of water from tbi> 
cause has been I'cduced to ab(JUt one- third by the u.m* "t 
these cvlinders ol' wliat it would have bi-en liad the wat'i 
hct^n added at tlie surtace of the soil. 

In some soils, howo\er, experienct‘ ha.*' slujwn that tie 
surface becomes aii -dry to ^iieh a degree by this method < i 
watering, that the germination <jf the seed and the initi li 
develo[Jinent of the young [jlant are interfered with, and ^ coils; 
qiiently in such cases water is added at the surfft'Ce until th 
plant is established, alter which water is su[jpiieii by the 

cylinders. The questi^Jii natiualiy arose as to whether the ro" 
development rjceurred [>rinei[>ally in the immediate neighhoiu 
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ji. hI of the eylindov. It was suspected tlvU this mi^ht ti^ko 
jir. o just whore the water was iutroducod, hiu cxaiiiiiiation i»f 
(!i root systems has shown tliat tlie [iriiicipal dev*dopim‘nt is at 
t’.. bottom (‘f the jar, or at least hehov tlie cvliuder ami hilly as 
inm-h at the sides of the jar as m‘ar tin* ovlimb r. No partieular 
a<- •uinulatioii of root has hern found :d)nut tliese eylimlrrs. 

The water -Clean well water has lam nsi'd 

linongliout. 

Aihhtioti of Jert th\>‘rs, — WInna'Vrr tVri ili/(‘rs are iisj^d, thesr 
ah* ad<led either in tlie dry state to the air diT soil h(‘f»>rt' it is 
tlainpoii tt-U' tilling, or the suhstaiire is ilissohaai m the water used 
ha dann)iiig tlie soil. 

Soa'U(<j sretl. — Kroin ten to twenty soods are usually sown at 
ivoalar space interyals immediately tlu' jai’s arr lillc<l with s<iil. 

flihdtfng. - Ait er the srt'd has oci'ininated and the plants 
{airly estahlislnah they are roihns'd in minihcr and aoaiii furtlier 
i<‘(luced a tew days latei' to a small nmnhcr, sm-h as three or four : 
these are allowed to mature, ddiis “ thiiiiMng nut ’ ol’{h<‘ plants 
has heen always (except in the hrst and see<iii(l seas<ins) eoinpleti'd 
hefore the amount ot water traiispire'd heeame (d’ mateiial ianise- 
'jUence. In tin.' first and second s(‘asoiis when tins was not done, 
the tliiimed out plants were weighed ami allowance lor tlie water 
they had trans[)iretl was made in the final calculations, 

\\ ef<lhi m/. - The jars have heen wei^ln d rrrn/ umrunnj 
throughout th<,‘ whole pei'iod <d growth. 

In each easi' the weight td jar, soil and walei' ate know n 
and these together form tin' “standai<i weight ; where the 
weight of the plant is so eonsideraide lliat this should he 
included in order to avidd any sm ious < rror. an < stin)a(e of 
it is made and the “ standard weight ’ Iniaeased accordingly. 
Usually this is imnecessaiy. 

After recording the weight th the jar, the difierenei' hi'twi-en 
this and the standard weight gives the weight of’ water transjijred 
by tlie plant and lost l>y the soil during the preceding g j Imurs, 
and this quantity of water is added so that the standard moi.st- 
ness of the soil is I'einstated. 
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i'ljfiO’nf jar.i •>/' sot!. — I'lie water lo.'it from ajar of .soil v. ’m 
plants ;^a‘ou in it is necessat ii y tfie sum <4 tliat traiispiivd v 
the plants ami that io,>t dii'^'ctly liy evaporation Irojn tin* 
Ourohjeet is to ( stimate the former (juantity. 

Must exp*,]‘jiuent<'rs oti the suhject of traiis[)iration h.iw 
etnploy<‘d corrrt d jars in fjider to j’eduee the direct loss fi'om ii. - 
M>ii to a juinimum. Thus [>awes jjlaeed glass plates, havii - 
lioli s in tln'iii lo)' tin.' plants tu grow through, over tliesoil aiid 
eoirnmtfil tln-rii to the <>dge of the jar, Hellriegel also in iij. 
later work omplovral close consms. 

This devier lias not Ijceii employed at ]hi>a. In our expui 
tic’/its over MKt eulti\attoris iia\«‘ hoen iiiamtained at one tiiiM. 
:nid it woiikl not onlv liavr* inereasrd tic cost o| the ap|Mratn' 
very eonsidnahly to provid*' sueh covers, hut would in jiraetif 
have hcen all hut linpossihle of application at tlie time ot filling 
jars and sowing. A much more soiTius mattiu' is, howevi'r’, lli- 
fact that hy covei'ing up the surface of the soil, normal aeration 
hceonies susp(Mided ; and although our information regarding th* 
vahc' to a growing crop, of aeration of agricultural land is ino-vt 
imperlt.'ct, the suspension of this process would throw a douht on 
the value of tin- work. Fitiallv, it was ascm tained that the lo-> 
of water Iron) the soil is very legnlar. and is so small in com 
parison with that transpired h\’ a heavy ci’o):, that sutHcient]\ 
exact inforinalif)n as to its magnitude may he ascertained la 
maintaining jars of the sanm soil containing the .same pn>por 
tion id' water as liiat employed in the sci ies of cultures. 'J h* 
error only assumos maurial [no[)oriion.s in the case ol sm;d! 
stuuU'd plants, and, as will hecome evident, tliis is ol small eonsc 
(pieuce. 

'Die method adojited is lirietly this. For each cx[)eriineni 
(except during tlm tirsi season) a jar of the same sizi' containing 
tlui same soil has been maintained at the same degree of moist- 
noss tlirouglmut the period of grow th and the tlaily lo.'^nt watei 
registered against the total loss from the other jars of the series. 
For the experiments w ith a iiiimher of crops grown in the same 
soil /mo' .sucli jars (twm of which were manured) were used. 
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N i\v it is not to l>e oNpocttii t!nu tiio soil of a stairs of jars. 

. <11 thoiigli all are tilKal aliko w ith llu‘ saint' sitil aial niaintaiiu'il 
tho same [)roj>t)i‘tioii t»f watt'r. will osaporah' fAaotlv tin- 
' anioiiiit ol \vatoi‘, aiul tlio rotantls t)} tin' tour jars nn'iit lout'd 
; i<<vi(lo an iiiilox of tins tiitVoit'm'o. For (’\;\in|)lt“, tliniiiL; tlit‘ 
-ooviiio poi'iod of tlio Jiiar last year, .luiu' lallito Ntot-nilur 
Mtii, theso tour jars lost Hni;s. lIliKl, ami i l 11 kikis 

1 i -prcti vol V. (It may !>»“ imaititaiod lima' that those tiillorouors 
Of not in <any way <tiu‘ to tin' ju't'soiioo of maniirt' in ilu' soil.) 
Tlio arithinotioal nnaiii ot tht'so is assiniiod to lu' ila* amouul t>t 

v. atta' which has evaporated diit'clly liom iht- soil dniino the 
* Aperiineiit. This method of ('stiinatine the factor is iiatnralU' 

perl'c'ct hut is niorr' i'la-e from det’eets than an\- oihi r and 
Yields results which, at least for all well |)lants. ari' suhjeet 

to an t^NpcriiiH'nt al error ot not more than The eorrespoiidmu 

. ri-or for juiorly (h'vrdoped ones is larger, hut tlu' <*(n reti ness iT 
the transpiration ratio is not ot oreat eoiise(Hienee in smT eases. 
rrofci f frnnL roo/. All jars ale hioiiolit uinler eo\a-r in 

w. -t w catlk-r. as also at niiilit. 

//urCrsV/////. - As the plants malm ed, they were cut oil’ elo.^e 
lo the root. air-dric(h the seed tiiially separated, tin; whole 
wei^lied, and the remaiiiino moisiine deteriiim li. The weiL^lii 
of the inatc'rial was them r•■dueed to 1 1 n- di y si at '■ Inal’cw 
'k-t.-s, (ouai') cvamo[)sis [)s(>ralioides, and ai liar) eajanus mdieus, 
'Oinc of the [)o<ls rijH'iif't 1 ado re I he reina] iider of i lie plant ; iti tin sc 
die pods wi't'c rcmov<al as t hey ripened, xjasto a\oiil losing them 
Eiji'i f O/’ (hi' sun's in'nl i,u (hr jKfs, ()m‘ o|' llic, eMtiei:>ms 
which have hec'ii made on the poti-uhnie method for the 
'letermination of tin* transpiration ratio i> that, siin'e 
the* jars arc exposed to the direct rays ot tl;e sim. am) the tem- 
perature of the soil is in <‘Oi!S(‘(|UCIiet‘ c\|)ox.*d lo i^ieater Ihletua' 
liotistlian Would occur in tlie fields a serious l•rlol is [aohahle, 

III older to test tliis (juestion ctu’tain jars of mai/A; in ItMiT 
iiid <d’ w'hcat in i'Ji>7-0s were maiiitaimaj in lar;^n; boxes 
'Uri'ounded with .T 7 saw-dust tliionohout the jjetnal (d 
:.irowlh : x\ilh whieh exce[)tion. however, the eomlitioiis 
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corrc-Npouded with r>thor jars fully exposed. The results 
suiimmrised thus : — 




STATFiMENT 11. 
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tf tlu‘s(‘ data show that the exposure tif 

th* 

jars to the 

.sun lia<l no 

influence on the ratio. 




tj/ }r<ti(‘r cuc/r/J ,v»a/ 

Although it 

\va> 


arraiiL^ed to inaintiiio a certain degree ot' moisture ill the soil, it i- 
ohvious tliat as tr<ins[)iration proceeds during the day, a deeiv 
must occur in this pro|)oi tion ot‘ water, and it is ot interest to notr 
how much tliis was. As in all such calculations, it is prefcrahlf 
to takt^ maximum figures. Accordingly wc may select instancM > 
from the largest and the most vigcu'ous plants g’rowing in tli*- 
smallest jars. Such tor examj)le were the nianui^ed pea.s : tln-x 
trans[>ired alMuit 1 kilo of water per day fu' a short time. The soil 
contained (at 20 ) 272 kilos of watei', so that <luring the day tie 
amount of water deeixMscd to about 17 kilos when the percentag' 
in the soil would he about 12A 'fhis is naturally a great variation, 
but tlie oN[K‘riments of the cold weather 1000-07 and the monsooii 
l'J07 luive shown that the transpiration ratio is not affected, 
within certain limits, hy the amount of water in the .soilrauci thos* 
limits were not exceeded, l^ut in most casc.s the diurnal percen- 
tage variation was con. side rah ly le.ss than tliis, and in the largt 
jars of .soil it Wris only nomiiml 
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PART 11. 

Details of Pot-ci’ltl’kes. 

Inasmuch RS a large part of tlie records nhtniiu'd hy p<U - 
.-iiltures lend themselves to tabular statement, this method has 
i . en here ado[)ted and the chief data are so exliihited in the 
fallowing pages. In most cases a eliart is addt-d showing the 
daily weight of water lost throughout the growing period togetlu-r 
with its relation to the alnuKspherit' luiiiiidity. Illustrations ol' 
most of the plants themselves are likewise add.ed, 

Apart fi’om data, there are howevei* several other ma(tci> 
which re(]uire explanation. 

Genertfl synopsis of flh> i'xprrime)ffs — In the lirst season, the 
cold weather wheat was grown in Pusa soil in two 

>izcs ol jars. In each of thes(^ sets of jars tlirr'c dilformit propor 

rions of water in the soil were maintained, and the jars of ea<-h of 
these subali visions were differently niannred. It was intmided to 
grow lucerne in two others, l)ut tln^ first s^a-d used did not germin 
ate, and in or<ler to avonl lo.sing a sc^ason, new hieetm' was .sown 
in only one set i)f the jars, and Cieer arletinnm ((bam) in the 
other. The lucerne grew well at fiist. but failed later : the 
gram was imne or less diseased. In the following monsoi>n 
jieriod mai/.e was .selected for the expeiiinents and was grown 
in Pusa soil. Here three sizes of jar wer(' employi'd, three dif 
fereiit propoiaions of watei’ were maintained in (‘aeh set, and tin* 
^oil of each .sub-division was differmitly manui'ed. An examination 
of the data thus obtained during Invo seasons >oemed to indicate 
one or two general conclusions. The depth or <ptantity of soil 
employed, affects the size of the plant, and seeimal to have a 
moderate iiitiueiice on tlie transj)iration ratio : the effect of 
diticreiit proportions of unit or in tlic soil was ii<4 a[)[)rf‘ciabh‘. On 
the otlier Inind, the effect of a fertilizer containing nitrate and 
phosphate had in la>th seasons a very marked influence on the ratio. 
Another marked difference was noticed between tlie transpiration 
ratio for wheat and maize respectively, the forim.'r being materially 
larger than the latter. During the next season, the cohl weather 

o o 
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of I()07*0H, it oli^ek tlio rosiilts «>btaiiie<l ui'l 

ulif-at. For this jMirfxiso it was ^rmwii in Ihisa soil in two >1/,. 
of jar ; ill oaoli t wo dilliaont proportions of luoistun* in ti 
soil woi’o fiiaiiitHiiH'd, ainl thr* soil of r-aoh sulxli vision wa» d,’ 
(orontlv inaniiftMl: in tliis raso, howoM-r, oil oakn was used inst» a.i 
of’ eaieiiiin nitrate <n ralciuin eyanainide These ex[ierinn'nt ' 
fulK' sulp->lantiated tin* first in all important iv^speets, and it w.o 
decided ttp eiilaiyp* the >e<jj)e of the <‘\' jieii men t s particularly in 
two resp( «-(s : lirstlw to employ a \ariety of soils as diflerent troin 
one an«plher as possihle. in wliieli the same plant wouhl l>e i^rown 
ses'oiidlv, to eijiploy halt a dozen of the chief firdd eri>ps. all '-i 
wlindi would he m’ow n in the >anie soil, ddn* former list mclnded. 
in addi t i<»n to t In* hiehlv cah-areous Fu>a soil, a hlack eotton 
st)il, a soil eontaimiiLt an unusually liiLth [H“oporti(>n of oreani'- 
mattiM’ and two rather samly soils I)('tails rcLtardina tlii> 
section ef (he invi'sti^eiilfm will he tin* suhjeet of a future commii- 
ideation, ddie ratios ohtalneil with maize duriiiLt tin/ monsoen 
were <[uite regular ami indicated that the natui’c of the soil ha- 
either no inllucnce^ <>r at most only a nominal iiilluenec on the 
transpiration ratio. The cohl wefither ratios. oWtaiiied with 
wheat, [iro\ed irreeidar in sonn* le.'NptMUs and make it iie(*essary n* 
repeat this section ot the work. 

hhpr the second sc'ctioiiot ihe work a nund?er of difiiuciit 
ciatps wore erown in Ihisa soil 'The plants eniploye<l were 
seven duriiiL;' the imuisoon of IIHKS. nanu’ly. //'U niais (maiz'd, 
ory/.a saliva (liee), amlroponon soiohum (the hii^Miiilht juar}. 
the twa> small millets, elnicim' coracana (iiiurwa. ra^d) and 
])aspaiiim scrohiculatum (kodo) and two pulses, cajanus indicu> 
(arliar, tur) and cyamopsi^. psoralioides (i^uar). Similarly duriiiLt 
the suceocdiiiLt cold wcatlicr, IDOS-OU, scN'en other plants were 
included, namely, wheat, oats, harley, liiisee*!, IT campestris 
(sarsou), [)eas and cieer arietimim (irrani), Kc^utrdin^' the 
general grow th of tite plants, the follow ing brief remarks may 
be made:— In nearly all cases germination was regular. 
Most platits de\tdop vm v well iit the small jars {.size A), luit 
maize forms a conspieiious except ieii and docs not form cobs 
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I Ki 

- ;.-porly ill tlieso. As will bo soon by rob'ronoo to tlu* tlata. tliis 
' t.-t sotMUS to have atVootod tlio t raiispuatiou latio in only a inodor- 
i'.-dogree. Tlio large niillot juar. ihougli it did bettor t him nmi/e. 
.,is not areallv goo«l spooiinon. ]]ut .all the other plants, ev»ai tin* 
irgo pulse, fU’har, hii\o grown to gi-oiit ptalootion d'ho latter 
-vw S toot h’u'h iind whoitt about 4 foot high in the niainiro<l soil 
ill those small jjirs. 

l)n p}'u<dio)i i)f /ors. -During th(‘ first throe seasons no 
.-\pt*rimoiit wjis du[)lio.atod, dt'pondonoe b<ang pl.aoed on <a single 
10 ' in taioh ease, Init the n sults obtained did iti liiet siibst.anl i.ate 
liiie anotlna’ indiri-otlv bet'anse sevi r.-d ol the eoinlitions. sueh ;»> 
nroportion of Wiitor in the soil, pi'ovod to exeit no very great 
intluonee on tile triinspiration r:itio. In tin' rollowing seasons, 
thr monsoon l!)i)S and (ho oold woiitlna- T.lOS 0!), only one pn»por 
tioii of moistui't* w.as .ulopltal in any one imsi*, ioid dnplii*ation of 
l>trs Wiis more neeossarv. An exiunination of tin* dat.'i slieov thaf 
'•ueh diljilioiition is iin Jidv;uit;ige, hiit the nuiniici' of easrs whi-if 
a serious difioreiieo in the n siill oeeiiis is only very siindl, F(»r 
the ])iir[)osc oi ji I’eiuh’ eomparisoii of \\ui data, (he state 
iiionts Inivi* biaai iirriUiged aecording to the niiture<4 \ho phint, in 
the following order — 

' Wlu-Hl 

M.nicv 

( 

( wf.'Ulier ... ... Litof-cil 

Sinsr.l) 

Pois 

J e aiit 

• t ij:i I 
Itia* 

Cl<-|o .. ,,, ...Majwa 

A I hai 
gilliii 

The diita for wlieat which has he^'ii grown during three 
seiison.s are arranged chronologically ; iind the s;imc has Ix.-en 
adopted for maize whicdi has been grown during two seasons. 
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The numbering nt’ the plates and charts in this Memoir i> 
such that the same number is given to the statement, the plar^ 
and tiie chart of any one crop, and consequently some plate jokI 
chart numbers are aljsent from the Series ; for example, th» iv 
are no plates or eliarts corresponding to statements I and II 
tliero is no elnirt No, III ; there is no plate No. IX, etc. 


STATKMKNT III. 

Tkiticum sat. (Wheat) 190b -07. 







Date or 

Dry 

KOI*. 

Water 


J.ir 

Ni*. 


.s,.i 

Water 






c 

Jht 

: |.irr 

, jar. 

’ insnil. 

: IVr rent. 

MnnureH, 

Si>\vinp. 

Hurve>f. 

Seed, 

(jflDS. 

T-tO, 

(i 1 1)1:^. 

Irans- 

pired 

KiU.s. 


11)1 



10 

Nil 

j;i 10 oO 

•JJ 4 07 

J',7 

0 0 

8 07 

{UN) 

llfj 

r* 

L 

10 

N 

J.l lO-oO 

JJ 4 07 

VH 

\i:i 

11X4 

I.iJni 

m 



10 

N 

J.S-lO IK) 

7-4 07 

i:co 

no 

J2J0 

.7|:{ 

iia 


*0 

10 

N 1* f K 

j:i-l(i 1)0 

7 4-07 

IJ‘4 

4;rj 

*)•>•-•> 

7J7 

Dt.'i 



If) 

Nil 

J.'MOOO 

JJ 4 07 

10 

S 4 

l’4x 

tVJl 

tOi 

x 

d — 

)r> 

N 

JMO IK) 

JJ 4 « 7 

J*1 

1H7 

12 7J 

•i44 

107 


o 

1.7 

N a P 

•j:i 10 00 

7 4-07 

MO 

4U7 

JIS7 

7.)) 

loH 



17 

N f P r K 

J3.IOU0 

7 4 '7 

11 0 

;i9 0 

JO‘,0 

7l.', 

IIKI 




Nil 

J< KMIO 

JJ 4 07 

:4 7 

17 0 

IJW 

SJ9 

110 

OJ 

it 


’JO 

N 

■.':i 10 (K) 

JJ 4 (i7 


H'l 

18 07 

I.IH 0 

in 

_s 

^ JO 

N . 1* 

J.'MO IKi 

7 4 07 

1.) 1 

.-):v.‘i 

:4i' O i 

.'.74 

ii’j i 


< 

L Jo 

N ! P r K 

J.l 10 IK) 

7 4 07 

l-'O 

44 7 

-6 tV) 

.7\:i 

C -C’a (NO.Vjt. 

‘1107 N 

; i’ -HiitK'i pfxpbate "* 

■111 k'Ull' S' 

loliible 

(), aiui K^K.'SO 






};rtn. KiiSO 

, pi’f IIK) soil. 





401 



I'l 

Nil 

JMO O'i 

J-J 4 07 

:i{i 

10 2 

17 ‘J.) 

5441 

lOJ 



i ; 

N 

‘Jl-lO ( () 

■JJ 4 07 

Ji 

14 9 

1J41 

Hliti 

io;i : 



10 ' 

N ^P 

J4-U)(K; 

7 4 07 

j;i:4 

7J .‘4 

42 91 

.*>5*7 

104 


6 — 

1 10 * 

N P K 

J4-10-(K’> 

7 4 0, 

1 7”’ 

,7i)J 

;40HJ 

014 

4(C» ^ 


d. ^ i 

n 1 

Nil 

j4-r (to 

JJ 4 07 

4‘S 

JJO 

j:4^2 

lum 

4ot> 

. 5 


17 

N 

J4 10 (Ki 

JJ-4 07 

4S 

JJ'7 

18X4 

8;i7 

407 : 

■- 

i ^ 2 

17 

N 1- P 

J4-1000 

7 4 07 

J4 4 

791 

;i9H8 


4ilS : 

J 


17 

N^IM K 

J4 lO-lK) 

7 4 07 

IS’l 

74 7 

xvurt 

t;o4 

400 1 


i 

JO 

Nil 

J4 lO (K) 

JJ 4 07 

OS 

J9,'i 

JS 17 

}Cl7 

410 ^ 


< 

JO 

N 

J4 lO IKj 

JJ 4 07 

7-3 i 

Jl 7 

181)0 

sa'i 

411 i 



1 JU 

N ^ P 

J4 10-00 

7 4 07 

JS‘4 ' 

M)f) 

44 OJ 

717 


N “ ('a ON; ' da' ^nn. N por liO soil ; P = siipeJ“pho8pliiite = 'Ml grm. soluble P.-()> 
K=:K.'S0,= O^i.'iirrin. K;0 per l<^) ‘Ti TPs, soil. 



PLATE III. 
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ST AT H Ml-: NT IV. 

Tkitk'Um sat. (Wheat) IDHT-OS. 







Datk 

in-' 

lOn 

'imp. 






-Soil ; W/itor 






Water 


\ , 

J if 


per 1 ill soil. 






t'ired. 

-• 




jiir. 1 IVr vent. 

j 


Stiwini;, 

ilnrve^l. 

.Seed. 

{ Iriii'<. 

Tiit:ll. 

Kilns 

P 

M 

1 



« 1 10 

lOank 

.Jar. 




(H l.H) 


<1 

■ Tl 


= 10 

Nil. 

:n-ln-07 

HO H OS 

3(17 

10 HI 

7 .so 

0,Hi 




w 10 

Uape caki' 

.HI M"7 

.HO H OS 

IH ?!» 

42 '2f 

22 HIS 

W"A 

t 

X 


0 Id 

Kiijie rake 

HI 10 117 

HO H iiS 

1 \ (10 

rjxH 

21 l.H 

.nl 


{ g 

a 


and sup- 








1 

V 

it 

^ s 1 

erp li f> ^ 
phato. 










- i ‘.ni 

hlaiik 

.Jar 






>1 



3 1 20 

Nil. 

HldO 07 

0 4 08 

I'TII 

S .HS 

0 72 

IIHH 


* 


2 1 L*0 

Rape ('.ike 

.HI ion; 

;{() H OS 

10 S7 

:U'i( 

24 '72 

72r> 

% 

1 < 


I *io 

It.api? cake 

HI 1(1 07 

HO H (IS 

TJ'71 

HS 40 

2( ill 

72.'t 





and sup- 











01 p h 0 s 

1 

i 









phato. 







.■ml 



10 

Hlatik 

.lai'. 




(7'OHl 



' 71 


10 

Nil. ' 

HO lOliT 

! 0 4 (IS 

H02 

10 H| 

11 40 

liOO 

:> i:l 



r. i 10 

!tap(‘ rake 

:«) |(IH7 

1 ;io H IIS 

: I.VIO 

47.S4 

2H 02 

.VK) 

:>id 



10 

Kape rak(‘ 

H0d0 07 

i :^l H 08 

; 2iH7 

07 (IH 

20 00 

410 


J 



and H'lp- 









0 

xj J 1 

pi p h n s - ’ 











phate. 







•'ll t.’( 



■tt^ 

Ithiiik 

.lar. 







i ^ 


i 20 

Nil. 

HO If ( 7 i 

1 li t IIS 

rs;i 

*JH HI 

10 14 

S21 

.■|07 

■ 'i 


\ 20 

Kape rakp. 

:io 10 07 

:{o H-os 

1 H7 00 

IH2 70 

70 - 12 

.HT.-’p 

Vis 

} 


( 1 1 

Rape r.ike 

:«i to 07 

;ki H (is 

h:ih3 

120' 4 4 

(>0-H7 

.Vt.'i 




1 

and Slip. 











et p h 0 s ■ 










1 

phate. 








The Rnpt> rakft used was equivalent to fiori ^rrm. N. per KK) ijrrnn. sfol ; Oh* kh per phosphate 
'(offirient to inerease the phosphate in the mantire to -01 ixrrn. soluble phosphoi ic nr-id per 
grins, soil. 
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vSTATKMKNT V. 


Triticum sat. (Wheat) 1908 - 09 , 


Jar I Jar 
No. j m/e. 


Soil ! Water 

jyr in *oif. Maimrf<, 

jar. IV-i' <runt. 


ur> 

lit} 

117 

IIH 

m 

i*j») 



) 


•jt) 

■Jt) 

■Jif 


1 1 

» I 

IJ N + l-{ 


DiTI UF 

Dry 

( Rui', 

Water 

■- 


— 

- - 

tran». 

Sowinir. 

Harvest. 

Seed. 

(iriiH. 

Tt.tftl. 

Gnus. 

pired. 

Kito^. 

lilank 
5-n OS 

jar.H 

2:i.T(i9 

4'(>9 

: 17 -(12 

IS-49} 

14-4:i 

,vii as i 


4;iti 

: lti*Sl 

14-s:j 

.>11 fis 



i 17'SO 

15-24 

5-ll-(iS j 


4*ns 

i U';7 

11T9 

;>U.II>S 



( 61 *.*2 

:44“S2 

5 11 (IS 


lS-72 

62 0.5 

29- 7.1 


l^4^ 

'‘Vi 

Tin 

IT'.t 


N ■* Ca (XO«ii ” ‘(H),') j'rru. N ; P - >iii |iL*rphoHpliale -‘(tl i(rin. solublo Rj < )i (>t*r lUU 4:1 ms, moM. 


CIIAUT V. 


WATLR TRANSPIRED BY WHEAT PUSA SQiL . SMALL JARS (IIS“I20;20;^WAT£R 
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STATEMENT VI. 

PIORDKUM VUL(5. (BaRLEY) 11)08-01). 





i>ATK UK 

I>Ut 

UUU'. 

W.iti'r 

trulls' 



1 .r 

Water 







ill K‘ii. M iiiiire 

t ! 


(;■ in-. 



jir. 

Per cetst. 

S^iwinij, : llarvot. ^ 

Sci'll, 

llniis 

Kl'ni-. 

1 


•< 0 ( 


Illtiiik jars 



<7 UUi 


till 


^ 1 'll' 

1 vil s;uf.i 

\ -J 11 IS s;iuii 

‘J ') 

}<>'!l 
1*1 'j 

i;i '■I'J 

1 c*m7 

(’i7i» 

Oil* 

111 

~ V I 

7tl 1 ^ 

1 n us s um 

S-; 

•> (i 

pj us 

i‘2i 

U-’ 


•Jl) 1 

\ ’Jiiusi s:um 

7 0 

‘Jli U 

1 1 :rj 

yxt 

ii:{ 

HI 

j 

:5I h ' '■ 

J :;ilus! s:ui;i 

1 -J u us . s :um 

cm u 

■MS 

1*1 1 
Ml S 

SI Us 

^Iti t>7 

;.i7 

411) 

N 

- CaiNO.i; 

— 'UUj iirtn. N ; 1’ 

mpui pluispliati' U1 

{'MM. 

voluMu 

I'.u pri 

l"U 




(^ilAKT VI. 


WATER TRANSPIRED ST BARLEY , PUSA SOIL . SMALL JARS H09 - 1141 20 7 . WATER 



NOVEMBER DECEMBER JANUARY TEBRUARY MARCH 
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STATCMKNT VII. 

Avkna sat. (Oats) IDOS Oli. 



S.,il I- 

!-r iti V, ii 
j,r. 


lUTK CK Dhy I 


Mfirjiirc-.. 

Sowitiff. n^rvL-^^t. 


W:,f„r i 
J'iffii. i 


\T 

1 3:^-1 

IM 

} 

lUaiik 

1 'il 1(1 (w 

jars 

S ‘A It' l 

■j-ci 

5 lil i 

(S Oh 

0 1 1 



’Jil 

} lm k) os 

S :{ 10 

.iL'll 

10 OH 

ICjI r 

Si 

' - J 

'J f 

^ N 

( .111 OS 

s :i (0 

mi 

1174 

10 -j;! 

‘■(i : 


- ' i 

f 

\ .111 ('H 

s ;{ (o 


Hi -JO 

0 .14 1 


1 ' — ^ 

■ji 1 j 

1 N T I* 

1 -Jl 1(1 OS 

s ;{ <i!i 

‘J'J ^s 

i>l 

Ills:; . 

SS ' 

■< < 

' 


\ 'J1 IIJ OS 

s ;i ( 9 

.TO'li.l 

ay-.IH 

lilo.M r 

N 

Cl No . 

0 1 ;,Miti, N ; r 

' Mlpl'! [ilut 


(1 

‘^oluLIo 

JM>. |., 


L'l (liv -il. 


('HART VII. 


WATER TRANSHRED BY OATS PUSA SOI L. SMALL JARS ( 83-08 )2C?'. WATER 



2S 4 14 24 4 14 24 3 13 23 2 12 22 4 

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH 
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STATEMENT VIII. 

Guizotu abyss. (Linseko) r.)08-01i. 




1 



Uatk of 


; J'*r 

*Suil ■ 

Wnti^r 





in »)il. 

Msmuro^. 


\ , 

1 ! 

i«r. 1 

j 

IV r ct'iit. 


S.wihK'. U*“ 




uhiik jii 
L* II OS 0 

2 n os 0 

•J 11 os 0 

U lios 0 

L* n os It 

i: 11 us 0 


: i>!t 

{ no 

: iio 
I no 
I 

} 00 



N CalNOj'j : 'W') N; T >iiii»ri|>lKvs|.li.it‘ ol -nu vuUilItj UjOn HjO 

_ f Hi', 'oil. 


CHAIIT VIM. 


WATER transpired by L1N5EE0 PUSA SOIL SMALL JARS I50-?S; iO'/, WATER 

*30a'03-.. y.H. y-.,*. 



NOVEMBER DECEMBER JANUARY lEBRUARY 
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J. WALTER LEATHER. 


HTATEMKKr IX. 

Brassica campestris (Sarson) 1008 - 09 . 






Hatb ok 

Dny ciojr. 

Water 


■Ihr 

, Hrji] 

W;itcr 






J.ir 

-!/ ■ ' 

in 
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sn 
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3) 
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^•feS 
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N 
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(’HAirr IX. 


TAANSPIRtO 8Y SARSON . PUSA SOIL SMALL JAftS < 7S’80 207. WATER 
I908-09 






WATER REQriREMENTS OF CROFS IN INDIA. 


STATEMENT X. 

PisuM SAT. (Peas) 1908 - 0 ‘J. 


‘f*'' Mr in soil, 
jar. Per cent. 


DiTK or I Dry ikop. 


Sowing. Haivost. i ,, ,, i Ki os. 

” I Uritis. linns. . 


20 


t 

Hknk jars 
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20 
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‘J 11 OS 

! ;i o9 
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1 3oy 
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20 
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20 
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20 
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20 

1 211 OS 
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X '( X o „• r 20 
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I » i • I ‘JO 

99 20 

m Jai, 3;S ^ 

Kti 20 

mi ^ ® l 20 


N = CalNOj); — ‘005 gfm. N ; P — siijxTphoxpIiato ’01 grin. soluMo P.O, per IIK) 
m- soil. 


(’MART X. 


WATtR TRANSPlfllLD BY PEJia. PUSA SOIL . SUAU J ARS i 97 - ig 2 ) • 20 ’/. \VA I LR 

; 1 isJs'Os A I - i 


M RELATIVS HUM DITY \ ' \ \ /• j 

Ja !,' iiA^J 


1 ' 'V »i>/ 


NOMANURI I I 

NlTRATl ! i ! 

NlTRATt + SUPtfti /' 
; R / 1 

;'5-/ I 

i i. !/ ! 


4 


i I N:^ - 


' X'i 
! \ 


! _ I I ! [ . I I I ! ! I 

9 I9 23 3 13 29 8 18 28 2/ 

NOVLMBER DlCtWBtR JANUARY rEERUAR/ MA5CH 
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Jnr 

ho. 


103 

104 

lor> 

lof; 

itiH 


STATEMENT XL 

ClCKR AKIETINl’M (GrAM) 1908-09. 






DaTK Of 

Drt 
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Jar 

M/.e. 

H..n 
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in -oil, 
IVt (.'('tit. 
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1 
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UU 
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S9 
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99 
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1 

HO 

HO 
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H ll-(iH 
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mi 

: Hi-i 
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(rRiiu. 

pircd. 
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lOOii 
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13’4!l 

23-7S 
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N Ca(N()jh ^ ‘OO: i^mu. N : 
grins, soil. 


I’ - sii{it'rplirs|)liate = '01 gnu. sohihle I’.Oi [x r 


CIIAUT XI. 






PLATE XI. 





WATER REtiUIREMKNTS OF CROPS IN INDIA. 
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STATEMENT Xll. 
ZeA MAIS PIaiee) 1907. 


(>ur in soil. ; 
j ir. For oeiit. j 


i= I 
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N .. Ca (NO,h ^ 
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1>UV 1 

! 
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1 
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1 1 ■JO 
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N 
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Nil 
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4MI 
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N 
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js-.Vl 
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"7 
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ill. ink 
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■_M 7 "7 
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Nil 

1 1 -JO 

(t >1 

(10 1 

N 

‘Jl-7 (17 

■JO In 07 

Nil 

17 1 

0 ( lA 

A JO 

N fF 

‘.M 7 {(7 

JO 10-07 

1 s 

OA SJ 

!:i 70 

I'Sj 

; , F . K 

■^1 7 ti7 

•JO 10(17 

■J 

Ai o;i 

17 1A 

MOO 
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IU;u>k 

jir 



(.1 ;;{) 


j)or KHl 

;;iin’<, s(»i 

F ■ SUjK' 

pllONplllI 

^ on 

k'Ol. 


. K jO po 

■ IdU i:i iiix. 

Sllil. 





Nil ! 

no 7 (i7 

■J-J-IOd? 

■10 

ri-o 

0 AJ 

.'•0(1 

N 

•J(V7 117 

JO to 07 

■to 

10 sA : 

lo >7 

(ilA 

N F 1 

I'O 7 (>7 

•JO 10 07 

; ISOn 

07 S : 

•JO'OO 

AnO 
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III ink 
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•n 7 ('7 

•JO 10 07 
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10 JJ ’ 

<; nj 
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•JO- 7 07 
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Ilhink 
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N ' 
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! -JO 7 *'7 

‘JO 10.07 
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•Jl (1 

11-10 
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N - F 

i JO 707 

JO 10 07 

I ■^■''' i 

sj'7 

JMI 

•JFA 
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1 Htiink 
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snliiUlf 
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111 1(1 07 
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N 
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0 ;iA 

11 J 

N F 
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: j''' 



(.'l OJ) 


N'i 

■>n 7 (i7 

HI 10 07 

4 s ! 

JO 'A 

1 1 («) 

4JI 

\ 

JO 7 07 

10 10 07 

J J 1 

V*0 07 

) I ds 

•An A 

N i F 

Jtt 7 ('7 

10 10 07 

ISA ; 

!i; so 

J7-:i7 

‘JSO 

N i F 

lllnnk 

; j:ir 



(.1 7:!) 


Nil 

JO 7 o7 

!!♦ 10 07 

)'l 1 

:io ;a 

Kfjo 

|J!I 

N 

i JO 7 07 

10 10 07 

1 s 1 

:no:{ 

IS T;i 

Iso 

Nil* 

■•!).7 (i7 

i:i 10 07 

4 7 1 

llJOs 

X\ ::o 

I JOA 

Nil 

i lil.nk 

: j;Lr 



(OKij 

1 

1, N ; F 

-- MijUTIltlOKpll it'! 

01 yl'TlI, 

iinluM*! 

IVO, j,er I0<» 








J. WALTER LEATHER. 


I GO 


STATEMENT Xlll. 

Zea mais (Maize) 1908 , 


.(ar 

No, 


.l;ir 

hi/C. 


Soil i 

i 

i 

Dati oy 


Water 1 


|.<;r 

ill hoi). 1 Manure*. 

1 

jar. 

I'er etut. j 

1 

Sowing, j Harvest. 

1 


Dar (ROr. 

Seed. Tutal. 
Grms. (Jrms. 


W.-itfr 

traiKh. 

}“ircd. 

Kill... 



N (’ll (NO ', 
grma. «oil. 


L'O 

‘JO 

|Nil j 

Hlank 
S 0-08 

jars 

J7-9 OS 

Nil . 

31-4 

(7-SO) 

14 (tj 

‘JO 

S-H-OS 

17-9 

Nil ... 


1251 

JO 

In 

M (i OH 

17 O-OS 

Nil ... 

.XO*4 

1 4-5.S 

JO 

\ ^ •■■1 

s H ns 

17 9(iS 

-a 

3'JS 

i:m»i 

JO 

In r ^ 

s-H ns 

17 !1 OS 

Nil 

40 9 

2241 

JO 


[ s rus 

17 y-us 


65 0 

27 41 


grrii. N ; 1* - 

miporjihosjiliate ~ 

‘01 grm. 

snliiOle 

I Ml. pel 


CIIAHT XJII. 









cilAUT XIV. 



1903 
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STATEMENT XV. 
Ohyza sativa (Rice) 1908. 







I) .at! 

0 > 

Dry crop. 

Water 
trans- 
pi red. 


.lar 

No. 

J.ir 

sii" 0 . 

H'jil 

per 

jar. 

Wilder 

'll 

I’or (.cut. 

Manures, 

Sijwing, 

Hiirve.'it. 

Seed. 

tjrni''. 

Total. 

(irins. 


X 

1 n . 

S_: ( 

'.Jd 


Blank jars 


... 

(15()0i 


2t 

ill?® ' 

L>(J 

L'O 

}Nil .j 

icons 

IO 0 -U 8 

IS l’J.OS i 
m-12-OS 

r»’4 

4H 

17'8 
! 22-5 

20- 1.0 
1S'4.'> 

mi 

VJl 

lm 

^ 

— ■/ 

•3) 

h I 

10 bus 

IS 120 s 

6-11 

; 23'7 

2.V24 

lOlr, 

L'fl 

• 3i ^ 

= i 

'2i\ 

10 6 OS 

JS-l-.M)S 

:c6 

! 247 

20 '62 

sr. 

1.7 

' ' 

2 ; i 

20 

IN.P { 

106-OH 

IS 12 OS 

13.0 

43-1 , 

;tV4S 

S23 


) < ’ 

< = ^ 

■J) 

llj-tt OS 

IS-12U8 

16'6 

62 2 1 

4H'64 



N C'a(NOj).- -Oirigim, N : P superphosphate - ’01 grin, soluble PA)", per HXJ grtm. 

noil. 


(MIAliT XV. 

vtfvuft er »Lt iftsisn tus ivji Lit lmall jA.'t5 



jvm jur Ai'iL'-;! s'.FijUrtia ci’isi'i wtfv:*-! 




>■ Ul'.-i' 
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STATEMENT XVII. 

Pa.spalum scrobicl'latum (Kodo) 1908. 


Jar 
No. ; 


\«:r 

jtr. 


Ill ..(1)1. 




= — 

Uatk or 

Drv rROr. 

Water 



trails. 


Tot.-il, 
Orni.^, firm-'. 

i pi red. ! 
Kilij*. I 



toil. 


•Ju 

211 

} Nil 1 

Blank 
10 fi-fW 

j a r t 
lOlU-OS 

S-9 

10’.) 

(074) 

2i) 

10 6 OS i 

i:i lo-os 

7'J 

17-0 

s.vs 

■J(J 

1 1 

10 fi OS i 

1310-OS 

S-3 

220 

5'71 


IC (M)S i 

KMOdS 

I(|-.S 

2.1 S 

OViO 

20 

\SrV \ 

10 H OS 

l.’MOOS 

O.j '5 1 

74-2 

2;i 47 

2() 

r 1 

lU U OS 

l.’MOOS 

1!02 

4:1-7 

i;i’44 


■Il I-'I i'l 111 . S' ; l> miperpliospllllti; = -01 i;i iii .olillile I'jO. per 100 pi in. 


OHAliT XVII. 
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STATEMENT XVlIl. 

Cajanus Iiulieua (Rahar) 1 ;KI 8 - 1 'J 0 !i. 






Dafk 


lOiV 

inu'. 




, ' Soil 

Water 



4 






’J i 1"' 

in seil. 

Mami res. 





tian-i. 



" j 

Per cent. 


Sowing. 

Harvest, ! 

SeeO. 

r.iui. 

I'ii.-O. 

K i!' 'i. 



i 





Jriii', 

il riiH. 




1- 1- 



Blank j 

irs ' 



(I0‘(KH 



i M • 



Nil 

1 11 DOS 

ii)-;i (0 ' 

J 4 

«V.t ■) 

■i<l 70 

I'AiT 



•2i) 



\ ll tiOS 

ID.'IOO ’ 

li'i 

40 :i 

40 7> 

KOI 

::i 


■it) 


X 

I 11 (ins 

10 

•i*4 

J i ‘J 

i4 o:{ 

M.Ki 


•* i X ^ ■ 




1 lltillS 

Ki.ioo 

il 

'J» s 

.'Ct 0 1 

r>ii7 

.i? 


‘JO 


N i P 

1 IMitlS 

lOHlR 

:i;i 0 

•JV) 4 

100 :!<> 

07(i 


\ ~ I ^'s'" 

IM 


1 

1 IKillS 

1(1 :i no 

O.'r'' 

j;itij 

UJ -J 

eo:t 

Xi 

i 5 i ^ ' ' Zi 

'i) 


j N I ]* iK 

J ll-D(^S 

10 :oi!) 

Js-.'i 

JM J 

l.ao-so 

(ifM 


•< }t ' 

‘it) 


1 liens 

10 :l I'll : 

i!l 4 

JtiVJ 

l(IO-47 

eo:» 

N 

Oil (NOs'-j ^ 

- '(H), j ;;i'iii. 

X : IV >Hn,K- 

rplio'*[0iato 

- '01 I'l in. 

-chii.le 

l\<i iK.so, 

■(Hl.'i 


in K.O per liK) {Jims, iioil, 


CIIAKT .Will. 

WAtlK TK/klliMKtD kir KAHAR. VOu >H«L1 A*kk III IIJ • 




About 14 kilo-s 
of i'liiui soil. 
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PART III. 

Deductions, 

The effect of di [fere fit jars 

Mzo have only been used for two of tlie crops, namely, wlicat aiul 
maize, hut this has been done during several seasons. One may 
antici[)ate therefore that any appreciable effect whicli this lactor is 
liable to exert will be brought out in the series. For a complete 
(•(anparison reference must be made to the stateinentB. but it will 
l)c sufficient if the ratios obtained by tlie use of large and small 
jHi's of soil, uniuaimred, and manured with nitrate and phosphate 
ov oil -cake and phosphate, and containing a high proport i«in oi’ 
water, are here set out. 

STATEMKiNT XX. 





Srijall .Itirfi, 


, Sitiull Jurt. 

l.nryu Jrti 




Ratio. 

Ratio. 

Ratio. 

Rat ill. 

Wheat 

... Pusa 

.. 1906-7 

674 


«29 

%:> 


... ; „ 

1907-S 

72.‘i : 

rja6 


m 

Maize 

■■ ^ 

1907 

j 

295 

001 

429 


This comparison shows that almost uniformly a lower ratio 
i> obtained by the use of large jars, that is, a largo mass of earth, 
111(1 the same has been found (juite as uniformly in other experi- 
ments. On the whole, the experience gained indicates that the 
Use of large jars c^mtaining about 50 kilos (>i‘ soil offers distinct 
advantages ; some plants sucli as maize and juar develop much 
more perfectly in these than in jars holding only about one-lburth 
the weight of soil The effect on the ratio may l)e stated to be 
'luite 10 to 20 per cent, 

The efect of the; iif'oportifm of water ifi, the -The experi- 
uients of the two cold weather seasons 190G-07, 1907-08 and the 
monsoon 1907, included soil containing materially different 
proportions of water. Attention has already (page 142) been 
directed to the fact that it is not possible to maintain comtant 
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lf)8 

|>roporti(>n of water in tht* sdil in [)ot-cultures a!ul that indeed ili.. 
amount of water transpired by vig<jrous plants growing in siiiall 
jars occasions a very considerable diurnal variation. Anioiii/ ili. 
advantages attending the use of the large jars is the iiminteti uire 
of a nu>re uniform pi*o[)ortion f)f water in the soil. We Mi.w 
however oonij)are some of the I'atios obtained from plants growin.. 
in soil with certain “ nominally fixed ' [►ro[)ortions of wao r. 
for if this factor controls the ratio in an important degrer, ji 
should liecome evident where the ditferences in the j^roporUun 
of water are as gn^at as those ado[)ted. 

STATKMRNT XXI. 


eru|>. 


Wtiout 


Mniap 



uf water in - i 

Maiiiirf, 



Hi 

15 

-Jit 


Ratio. 

Ratio. 

Rati > 

Nil. 

90() 

0.53 

yj,, 


941 

l.OtiO 

9,V> 


6.^4 


]xc 

.Manuiea. 

6<Xi 



54:1 

.540 

574 


rm 

5W 

.51.5 


571 


725 

- 

1 44<i 


r)‘'.5 

No inaniiiv. 

459 

;ios 

01 M 

Maiiiii e<l. 

*9 

323 

:isj 

Nil. 

5()0 

5S9 

:«i 

Manuie<l, 

i 

■281 

2 <r> 

Nil, 

1 450 

421 

i-M 

Manure*!. 

2.H 

280 

29.5 


Of these it cannot be said that the ratio is generally, ;nnl 
still less uniformly, atfected by the amoiuit of water in the suiL 
There is on the whole a larger number of cases in which it i- 
hijxhcr with the moister soil than the reverse. On the othoi 
hatid, the development of “ unmaiuired ” plants has been very 
imperfect in many cases and the ratios consequently somewhat 
less reliable. On the whole, there is nothing in the evidence 
show that the ratio is affected by this factor in so far as thcs» 
experiments go. At the same time they are distinctly limited ; 
only one soil was employed and the lowest proportion of water 
employed wtvs 10 per cent. Whether the mho would be affected 
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i. v lower proportions of water in tliis soil, and in Imw far it 
A.uihl be attected in otlua- soils, one rannot say. As a unutio- 
-;f' tact, we are here broaclduo an entirely ditibrent sidiject, nanudv. 

Ill liow far water is availal>le to [)laiits in dilVerent soils. 

ii. llrieoel* inadt; experiments on tlie subject in 187 - and t'ollow- 
![i_f years, but it i.s far from beino perfectly tmdiM stood. Similarly 
ni rc'Cird to a hioh ])roportion of water we an' lai'Ljely iij^norant 
.j' wliat its effect on crops is. Ilellrieoers expiu-iiiumls sliowod 
that a maximum development was aclneved when the suil rim- 
r-iiinMl between .dO and 00 per cent, of that ainoimt of watm- wbieh 
.oiild ‘\saturate” the soil. Ibiforrunately the <h‘tennination nf 
'his sat.uratitiLj proportion is not simple or aeeurato, and it 
ii. i'oimNs correspondingly difheult to deei<l(Mvliat eithei' ;U)perct'ni, 

■ r 00 [)er cent, of this is. 

Ho far as India is coneerned, our chiof ohject is iiatu?*aliy (In* 
dotermination of the snn<//r> 7 , and not tlm largrst, aniomit (if 
water which should be in a soil, and tin* up[>m’ limit is only ot 
inij)ortance in cases ol' waterhjgging. 

Thr ('if'Yii of moKiin' -l:}y far the most marked loaluri' oi 
Th*‘ (‘xperiments is the effect of manure on the ratio, (hmliiiing 
ttt'Mition for the moment to a comparison IxOween the produo** 
-f unmanured soil and that manured uitli nitrate plus pjhosphati*. 

I udaiice at the statements shows that the I’atio for wheat is only 
•dmut in the latter case to what it is in tlm former. I In; elh*ct 
-n tlie rati() for inaize is (>ften e(jua]ly gn;at though this is not 
miiforinly tlie case. The ratios of rahar, guar, harloy, oats, gram 
and peas were all similarly affected : the ratios for the remaining 
'•I'ops were decreased in the eases of manured soil, although not 
atfected to a like degree. 

As to the characteristic in the manure which is the chief 
tgeut ill reducing the ratio, the majority of the data ai‘e a})t 
O'cliaps to give tlie impu'cssion that the sujJcrjihoHpdiate has 
pla\ed this part. But experiments in another soil negatived this 
•onclusion. ' It was a soil selected in part because tlie amount of 


• For a account of Hdirii-ol's ^■xpcrinn'iC- 

Crundla^en d.*Af'lierb«oe!», pp. 527 — sys 


Itoitz. 


7.11 S, iiH, 
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phojjphate iti it, as shown by Dyer’s and other tests, was 
and it was antici[)ated that superphosphate would not increase th.- 
(jutturn ; an expectation which was realised. In it the best vroj, 
was obtained by the use of nitrate only, and here also the tranv. 
pi ration ratio was lowest. The eftect of manure depends on ih- 
soil. If there is a serious dehciency of phosphate, nitrate will 
not increase the crop or decrease the ratio as would a mixtur* 
of nitrate and superph<jsphate. As re^rards potash, the iisr 
of sulphate of potasji in the manures has in no case marknltv 
incrt-ased the outturn, and accordingly the data do not show any 
change in the value of tht? ratitj as due to this fertilizer, Sp»Mk 
ing generally, af ft suitable //eoo//'e o/ fwUnfj Ote 

hi evonotaist truhtr is the most important factor which has btrii 
miticed in relation to trans[)irati(Jii. 

But one may go further tlian this. A comparison of the 
ratios obtained from duplicate jars of manured soil reveals thr 
fact that, whenever the plants of one of the pairs of jars develo|)e<l 
more perfectly than the other, the better development iia> 
been accompanied by a lower ratio. The magnitude of the etiect 
has varied, but tlio uniformity of the result is .such as to ieaw 
no doubt of the fact. The conclusion may hence be drawn that 
)wt otdif u\<tiun'(\ bill ijofxl filhufc, n sad ftml indxxd ft,aj 

factor ivhicli aid.'^ ni (joad dcvcloi^mcot of the cro/) ivdl tn,.! 
foirards (tu rconoon/ of ivatrr. It presumably also explains why 
the ratios obtained with large jars of soil are usually distinctly 
smaller than with snmll jars, the larger (juantity of soil causing a 
better development of plant and a consequently reduced rati(». 
We may properly bear this fact in jnind when considering tie 
(juan titles of water required by crops. Those set out on page 
178 are deduced from tlie ratios obtained mostly in small jar- 
of soil, and consequently the calculated quantities of water art 
probably rather high. 

The effect of length of period of growth, ~ k.i one stage of tie 
experiments it seemed that the length of the period between secti- 
time and harvest exerted a material influence on the transpiratioi! 
ratios ; that indeed this increased with the length of the period. 
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III the following statement are set out the ratios and the lenotli 
nf growing period for alt the erops whieh have I.een gniwn 
•.vitliout respect of season. 

STATl'::\!KNr xxil. 


.Maiic 

IVri.Mj. 

IM) 

TKAS>1'IH4T10N CaTI'*. 

No Miumri', , 

i.si :rin 


llN) 

•.VVt 

1 

Ko<Io 

llM 


:iiK) 

S;u?!<it1 


74(1 

iVAl 

H\rlt>y 


IvSd 

iNO 

0;its 

1‘Jii 

STM 

.VV) 

IVa« 

i‘je 

NIO 


Oram 

lA) 


1.00(1 

I.tinsee<i 

1‘JO 

l.iKid 

1.0(10 

Wheat 

ir*h 

S.VI 

yyi 

Juar ' 


4<N) 

4(NI 

tluav 

1 17M 

1.10(1 

(lOO 

Rice 

IMI 

1,0)0 

S(MI 

Hall a r 

■■ i 

' ■_*»() 

Mifl 

(Vkj 


A ^^lanco over these ratios .shows that in a f/raeeo/ way llmse 
•Tops which mature ra[)iilly have a low ratio, an<l the lon^on' livial 
ones a Iii^h ratio ; hut there are sevrral eoiisjiiciious exeejitions. 
hinsectl and orain have niucli hi^dier ratios than oats, harley. 
peas or .sarson, all of which have tin: sann* hnoth <if ijfrowiiii^'^ 
p^M’iod at the same time of tln^ year. The Iinsee<l nitio may he 
onnewhat hioli, hut the plant develope<l very well, especially 
that j^rown in manured soil, and there semiis no reason to donhi 
I hat its ratio i.s actually much higher than the others named. 
A Similar remark applir^s to the oram. The (lillerence between 
die ratios for wlieat and juar, wliicli require about CQual len^^ths 
'>1 tune for maturity, may reasonably be ascribed to ijiffereina: of 
''‘ason, because the wheat is p^rown durin^^ the cold weather when, 
die temperature i.s comparatively low and tlie humidity also low, 
\vhilst the juar enjoys the monsoon period for the ^u-eater part of 
^he time it occupies the land, when hotli the temperature and 
‘I'^’nidity are a good deal higher. 

The ihird conspicuous exception is provided hy rahar (cajanus 
Indicus) which enjoys a total growing period very coiiKiderahlj 
longer tl^n any of the other crop.s named^ ami has a ratio, high 
It is trflo, hut not at all in proportion to its length of growth. 
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The general concliisiou tlieii seems to be that the len^tli .it 
growing; porioii exerts either iio iiiHiience on the ratio or at h i.! 
only a modifietl one. 

Thi‘ nnhn'r <tf fhe rmp, -The question may likewise he ask.-d 
whether the nature* of the erop is a factor r)f importance. Dm 
tlnm what is (jiie to nmlcrstand i)y the term “ nature of the co-j' 

If it is interpreUnI as a botanical olassiHcation, tlum one nm-i 
(MiiM’hnli; that tliere is little or no connection between the nauiral 
rjnlei’ atid tin.* ratio. At the same time the exceptions which hav. 
i)een dealt with in the last [laragraph tmnl to indicate that fortMi-h 
plant th(M‘o is a specific ratio, wliich of eouivse will be modif. d 
f>y the various factors surrounding the plant. In the absern'c <>! 
a hetter <i\planation, this se'cms to be the only legitimate oic* i'> 
f)tfer f<ir the mai'kedly ditlerent ratios which ha\e !>een met wirh 
One would then lay down as a general principh* tltat for cat h 
[)lant there is n specific; raticc the magnitude <d‘ which is controlhd 
l>y various circumstances, and hence that the ratio tbr a (‘la taii; 
crop whicli has not been t(*sted, can only 1)0 ])r(jgnosticated witlnti 
certain wide limits. 

The c^ctV o/ fi'Uijh'rnt K ri‘ mnl Zooz/o/////. -Kxperiments ha\i 
frequently been made to aseertain the elle(*t of tcmpci'atiirc aim 
humidity on transpiration, an<l the results have shown that tic 
amount of water transpired pei‘ unit of tinu; is increascsl by a ri-* 
of temperature and dei*reased by a rise <if humidity in tlie an. 
For a more detailed account of such experiments the reader mav 
consult “ Ifellriegers (irundlagmi di's Ackerbaus. ’ [ip. 4f)(> to 711 " 
and “ Burgersteins Die Transpiration dcr Ihlanzen,” pp, 1 I.V1*J> 
The result might indeed lie antici[uitcd on both pi^ysiological ami 
physical grounds, for with a rise ot tem[)Grature (within cortan 
limits) the plant’s energy is increased, and a rise of temperatui' 
would cause from unit surface an increased evaporation; similar!} 
a decreased relative humidity would aid evaporation. Th< 
experiments referred to have heeii. however, mostly made 01; 
plants in this coniieetion t()r only short periods, whilst for oie 
purposes the effect of the season o.v o frhn/r\s required I Im 
humiditv intlueuces trans|nration is readily shown bvTJie dail} 
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; on h wet day the (jiiantity of water transpired (K erea.ses 
Tn say oneojuarter <»r one-fifth of wliat it is (Ui a tiiu‘ da^^ An 
r \ unitmtion of the eliarts wliich liave been reprodneiHl in this 
iii. inoir also s[i(.>\vs it very well, for with evtaw s<a'io\is inen'ase in 
Inunldity there is either a ehet'k in the diia'etion of the 
t! inspiration curve or a dip in it Kri‘(piently. more t'sptH-iallv 
■ Inrino tlie initial period of or«>wth, the <laily im-rease in tlie 
plant s energy is so great that tln^ (effect of an inei'eased Inunidlly 
insiiHieient to f/eererns-e the transpiration and merely eheeks 
'iir daily increase : Imt during the later pt'rioiU the aimuint of 
water trans])ired during wot weatlnn* falls to a very small lignre. 
During rondhuoifsh/ wet weather the prot laetial suspeiisitm of 
! ranspiration doubtless accounts for the yelh)\\ ing oi“ erojis. 

Hut although thc' rdleet ol iner(‘as('d humidity on the daily 
tiansjiiration is so marked, it rmnains to Im- aseertained whether 
the variation between one season and aii(»ther is siillicm-nt to 
■anse a measurable ditterenee in the total water ti'aiispired, and 
-'•eondly, whether this will ehielly (‘ause a diHiuamei' In the 
weight of crop, or ehiotiy aliiag the transpir,itit>n ratio ^ 

llellriegel sets out (pp. hiD 72) a comparative analysis of 
ounjierature and humidity during three seasons at Dhaine in 
n lation to the mean transfeiration latio for barley obtained iVnm 
a whole growing period : this was :i6tl in a relatively warm ami 
dry year, 18G8, whereas it was m a eooler a ml damper year, 

I •'70, The chief data may lie suilahly t|noted. 

STATKMKNT XXIII. 

Yt'ar. Mean tcin!“'r:it.iirc. Mean lumn'litv . llalix. 

]m ryi fir. r :m 

1870 lit 

The difference in mean tcnip<‘rature is so sliglit that to it 
'"an hardly be attriljuted any large paid of tin* ditbu’cnee in tlie 
'pioted ratios. The chief cause ot doubt that may bo legitim- 
ately entertained of the soundness of his dmluotion, is that 
these ra^ios arc in each case tlie arithinelical mean of a number 
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of ratioB which varied among thcmselvea to as great an exit nt 
as the two quoted. 

Ihe .subject is best considered under two distinct sub-li< :ni> 
I he first relates to the difference of plnnty the second to thr- 
diffcronce of semon. 

Ah to the fdant, reasons have already been advance^l tbr 
asHuinitig tliat each lias probably its particular transpiration 
ratio. This feature of its development will no doubt be in pan 
it not largely the (jutcome of its climatic surroundings, not of 
any one seas(m in particular but of the many during which it 
has been gradually piaxluced and to which it has become accu- 
tomed. Our monsoon crops, for instance, have enjoyed for genera- 
tions a humid atmosphere, the cold-weather ones a relatively <lrv 
one. In this probably lies the explanation why the ratio of tin 
monsoon crops is often so much beh^w those of the cold weather. 

Iti respect of difference of it is difficult, without vt*rv 

considerable experience coupled with a sutficiency of .suital)lr 
data., to ascertain their oficct, and this is well illustrated bv tlie 
following extracts from our records. 

(Jhart No. XXtV(o) shows the 8 a.m. relative humiditv in 
the upper part, and the “ mean day temperature in the lowt r. 
for the three C{>1(1 weather seasons l90()-07, 1907-08, 1908 (in, 
Chart No. XXIV(/>) gives similar information for the two 
monsoon periods, 1907, 1908. Regarding the humidity, it must 

be admitted that the 8 o’clock record is not altogether suitablr 
for our purpose because the relative humidity falls genera] I v 
so very much as the temperature rises during the day, but an 
average figure i.s not available, and the humidity at 8 o’clock 
is the only record to judge by. The “ mean day tempera tun; ’ 
is the arithmetical mean between tlie S o’clock and maximuni 
teiiqierature. Since it is known that the greater part of tie 
traiLspiration occurs during the day time, this mean figun 
seemed to offer a better basis of coiiqiarison than, the mean 
temperature of the *^4 hours. 

An inspection of chart No. XXIV(/<) shows that tin 
humidity was generally higher in the season 1906-0q than ii; 
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1907 - 0 H and this again generally higher than in 1908 * 09 : ri,, 
temperatures a\' the thrf 3 e seasons were practically alike 
for the coif) period in January 1908 which cannot be c<insi<l, i,.,i 
likely to atieet the total transpiration. If such difteren<**- n, 
season ath-et the general transpirati<ni 8 eriousl^^ it should 
heen lower in 1 900-07 than in 1907-08 and liighest in I 9 r>s ii;i 
A siintlar examination of chart Xo. XXlV{/d show.s that th, 
luohsoon of l!n )7 was cooler and dani[jer than that of l!H)s;,||,i 
tfie traMspil•ati^>n shouhi therefore have heen higher in the latt' i 
Then will eoiiK* the (juestion as to whether the effect will 
l)e a gejierally im-reascMl growtli t)r a higher transpiration i;uiM 
As to the former there are )io <lata : the e.x|>erimonts wen- 
designed for the pur’pose, and there are so inaiiv faetoi's intiiiein- 
ing gross on It n I'll in pot-eult tires, tliat it is doulHful in how fi!- 
tlnrse are in this resp(>et eoinparahle hetween one season ami 
another The etfe(‘t on tin- /vj/'/e niight, however, be percept i I J 
The data which are eoinparahle are set out in stateiiinit 
Xo. XXI\^ 'fhe ratios ^pioted in this are. in nio.st cases, tie 
tinmans of those obtained in the exporiiiients when the condition* 
were alike except for the aiinaiiit of watr'r present in the sml, 
which is ef)iisid(M-ed to have no inlhience on the ratio. 
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An inspection of these data shows tliat the ratio for wln-^iu 
ua> certainly tiot perceptibly inHuei)ce<l by the season, ami the 
iftme remark applies to the inai/.e ^rown in uiimaimriMl soil ; t!\e 
-•ati'* tor maize orown in manureil s<iil Wits eertainU’ lower in ihr 
.siMjer and damper season li)t)7 tlian in lllOS. 'riie divoiooiu-r is 
Miarkod, uven if those for the same si/o of jar only arc romparej. 
I'h . n if there h:ul been no other evidence, tot) much weiolit wouiil 
tM'i be applicable to the ratio 43il tor : it is the nit'aii (k| two 

. coinciding ratios, hut on the other hand the mai/.e did not 

-^now welt in those small jars. I'lnne were, liowever, data obtaim il 
II! i!Ml8 from other experiments, to la' quoted on a suhsiMjuent 
■ KTMsion, and if these wei'i' hroiiolit into the eoniparison, a some 
what lower ratio would he obtained for the MMIS season. This 
-preial reference to maize ^n-own in inamn* '! soil is imi madr 
with the ohjeet ot pr<iviiiL:‘ that snnietiim>s tlii‘ srason alfeet^^ 
Mk' ratio, hnt rather to simw' how dillieiilt it is id make 
I ivally (hdiiiite deduetion on this siihj(‘et with t hr aid of <inlv 
UNO or three seasons, 'rinm, aoain, it is to he roeolleetrd 
diat the plant itsell [lossesses organs, siieli as tin* stomata, 
wax deposit, hairy i^M'owth. etr.. whieh r!ial)l(‘ it to eontml 
iraiispiratioiK 

I he did'erenees <it s(aison during the last thii i* vears have 
i'-tai relatively very laroc : the cold weathrr of i:i(iG n7 was 
'niusually wet and e(jol and tliat of umisiialiy dry; therr 

wrio nearly as groat dilferem'cs in the two ]iM)ns<)on.s : and siiKT it 
has heen so diftieiiU to pei'ceivo an chfect on the t ranspiration 
lalio obtained during these periods, it is Iroitimale to eoiiehnlr 
dnit the effect of variation of season on liie transpiration ratio 
N not large, probably not I (i ])er (a-nt,, but, it is equally em-tain 
’hat one cannot make reliable deductions regarding the i-alm foj- 
''dier parts of India. Perhaps, it would be reasonable to 
''"iiclude that the ratios obtainerl at I^usa will he w’ithin 2 :> 
!'m cent pf the truth for any otlier part ol* India, in so far 
u climate is ct)ncerMe(l 

The (Ivn'Hul r/oo/r/c nt f ^•^lfsplrnff<^n. ~A deci'cased traiis- 
[uration fjftring the night period has been Motit;c<l by a nuinhcr oi 
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ve^'etable [)hy.siolor|ists. A couple of extracts from (;ur i.vor.iK 
are of interest since no others exist for India. 





STATEMENT XXV. 
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These data illustrate the marked diflereiice between tie 
aiinnints of water ti aiispired durin^^ the day and night respectively 
and at the same time slmw liow the season also affects the pnK*(‘» 
In .Iiilv, the amount transpired during 14 hours of the night i' 
about (uie-fourtlr as much as during 10 hours of the day tilin': 
in January the relative [)ro{)ortion is about I : 8. The teinpi r 

ature change in July was about 15“P\, in January about .‘30 ]•. 

77/c prriofl (if ijrcafe.'it tvafe)' ropuremenf.-^An inspecti"ii <>! 
the charts shows the period during which the major part ot tin. 
water is transpired. Since the mmsiirahle transpiration in tin '*' 
jars only commences when the plant is a few inches higii. 
it is oidy charted from t]ii.« ’period, and consequently the ciirvn 
does not commence until some days after sowing. It ri''> 
rapidly Immediately the [ilant eommenoes to shoot ” and reinaitis 
high, excepting during wet weather, until very near the time 
maturity, when it falls again rapidly. It is of interest tp tabulno: 
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fp.’M the curves aiul other data the periods durin*^^ wlncli water is 
re»[iiired. 
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averaj^e ratios have been deduced : — 


STATKMKNT Xn. XX VII— AvKiiA(jK a Arms. 
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i-’f.ii these rice has been excluded ; tlie plant grow very well, 
■uid produced a good weight of seed, hut this was in less propor- 
to the straw than is, 1 think, coinnion in the fitdd, and the 
'•■ed was smaller than normal. A more potent reason for its 



180 


J. WALTKK L8ATHEK. 


<.^xc]iisioii lies in the fact that it \va» ^rowii like ■■ (Irv-Umi i],. 
and Hot with water on tlie surface ot* the soil. As a matt. -r ..t 
fact, whatevjjr the ratio foi’ lice may ijc within reasonable lii-jirv 
thr* water whicli its ratio represents per acre cannot bear auv 
pro[>ortion to the total water used for wet-land paddy cultivati.Mi 
and whie-h amounts to something like lOO'" or more. Regar.llirr 
the other ratios, tluw an^ useful for the purpose of an apprr»xiiti:u, 
estimate of the ainoiint of water required j)er acre. 

As negards the reinaindtu' r>f‘ tlie crops which have 
brought under experiment, most of them have only l)een nn. 1.1 
ohservation for a single season. This does not in it.seif deduri 
much from the value of the I'atios obtained, l)ecause in those ea^.- 
wh(3re repeated tests have l>een made, namely, wheat and iiiai/.^-. 
the first ratios obtained Imve been very well substantiated by tli. 
subse<[uent tests. The chief element of doul)t depends on th* 
fact that they have been obtained ly experiment in one .soil onlv. 
and the efiect of this faertor remains at [)resent an open questioii 
Tliey may, Imwever, !)e relied on for all soils of the great alluvium. 

Anotlier point (>l‘ some little importance is that they are all 
probably somewhat Int/h. In a previous paragra[)Ii (p. ]():’)) ii 
has iteeii shown tliat the ratio depends in [)art on the mass of snil 
in which the plant is deve]o[)ing, a higli ratio l^eing obtained wluui 
the (juantity of soil is only small. It is })robal)le that the rad" 
in the field is distinctly smaller than those (|iu;ted. but at juvst-iu 
it is not [)ossible to accurately estimate tlie difibi’ence. 

7V/e (irnofnif of imter /vv/mVfv/ Jof ,( rrop.- -That the amount 
of water required to grow a crop depends largely on the weight 
of tlie cro[) is self-evident, so tliat even with a knowledge of ih*- 
transpiration ratio, an equally accurate knowledge of this .secimii 
factor is essential in order to estimate the total requirement. It 
will he also readily reeogni.sed that since the outturn of cro)'^ 
varies within considerable limits, it l^ecomes impossible to sav 
how much water is required for say, ** a Wheat crop or ‘‘ a Jinn 
crop. The most one can do is to assume the position of tin? 
agriculturist who, having a knowledge of the general weight <*f 
his crops, can calculate with the aid of the transpiration ratio the 
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:,.m! lequirenieiit in any speciHetl caso. With (liis in vii^w 

ti.,Mjuaiitities which are set out in statuinont \o, XXVIH have 
h, . n caloulated. It is, Innvcver, to he rcciillectcd that thev are 
the /ro//sy)t/‘e(/. aiul ilo inU show how iimeh Irrigation 

>>\:iter may be needed. It has been assumed that in round minihei s 
iii ■' unnuinured'’ crop (orain and straw) will woioli pnon |bs., that 
a iiheially manured one will wei^di a,0t)t) lbs. per aere. If a ei-op 
\vci:(hs move tlian 5,000 lbs,, the same ratio may he eiiiplovial as 
ha-^ been ado[)ted for 5,000 lbs without sei ioits lu ror. These 
liuures may l)e ealled in ipiestion to a (sa taiii extent. i Npeoiallv 
tiio one I’or “ uniiiaiiured " land, beeause l.OOl) Ib^, is lau'taiiilv 
very small. But against this is the faet that the pot-eiihiire 
grown plants in uninanured soil are m\ieli smaller than om* cone 
inoiily gets in the Held witlmut the aid of maiiun'. d'lie otha-i 
"{ mass ot soil in controlling the ratio has been already disens.sed. 
and I am sure from certain data wliich we liave obtained in the 
Held, that it has its etiect tliere jnst as mueli as m tin* pot eultiire 
Inaise. Accoi'diiigly we must assmm: tliat the ratio tor nniiian 
tned crops grown in the Held is not so high as tln^ oin* ohtaimal 
witli unmanured soil in the [)r)l*culture lionse. Hut so far as this 
point is concerned it is not of first importance, beeuuse clearly 
what we desire mure particularly to know is tlie amomil of water 
recjuired for lnr(^p crops. 

If then we consider the higliei’ ratio ohtainr'd foi- plants 
grown by pot-cultures as true for a very small field eiaj]), and the 
haver one, obtaiiierl by j)ot-nnlturc.s with manur(!d .soil as true for 
a heavy Held cro[). and adopt intermediate I’atios foj' crops of 
intermediate weight, we shall prol>ably he as near t<) the tiiiih as 
at present possible. This has been done for the pvnpose of‘ 
die estimates set out in the statement. I'lic rpiantitos of water 
are .stated as tons per acre, and as inches. liaitilal! is always 
measured in the latter manner, and irrigation watei' can he 
‘•X pressed as readily in tliis as in any other way. The tliird 
hue of Hgures against each crop is tlie most interesting. 

The two pulses Arhar and (hiar rerjuire more water than 
die other ^>ur monsoon crops, and linseed and gram similarly 
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STATEMENT XXVIII. 

Cold Weather CVops. 

A>«*utiif(i weight of crop in jb«, per Acre. 




1.000. i 

1 

2,000. 

. 3,000. 

4,000. 

5.<»in 

Wheat 1 

Ratio 

Tons per HCt e 

inches 

m 

m 

3-7 

775 

h93 

68 

700 

940 

9 3 

6*25 

1.120 

11 0 

1,*.*‘‘0 

121 

Rmley .'1 

Ratio 

Tons per aci o 

Inches 

6.St) 

m 

30 

630 
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5 6 
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7*7 

530 

954 

9 4 

i>i} 

1.(711 

105 

(►ats ..*1 

Ratio 

Tons per acre 

Inches 

H7(l 

387 

38 

790 

712 

7 1 

710 

950 

9*4 

630 

1.130 

11 1 

■Wi 

'121 

Linseed "j 

Ratio 

Tons iRT aci e 

Inches 

1,(0) 

448 

1 i 

1,(0) 

892 

88 

1,000 

1,.340 

13 2 

1,000 

1,780 

17 6 

221 

Saritoti j 

Ratio 

Tons per a(‘re 

Inches 

740 

;^30 

33 

710 

6.35 

63 

680 

911 

90 

650 

1,160 

11 5 

6211 

1 

137 

re.it . j 
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Tons per acre 
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m 

m 

37 
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66 
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91.3 

90 

t0l 

1,070 

106 

I.ISIJ 
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Inches 
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62 
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19 4 
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Monsoo)t C 

vap.-i. 






A'Siimed weight of crop in Ih^. per sere. 
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6j4 
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17S 

18 
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:167 

35 
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53 

400 

715 

7 0 

pN) 

89.1 

8 8 

Mitrwa 
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iTonsperacre 

llnchet 

■JfiO 

112 

11 

2.10 

•224 

2*2 

250 

.^‘^6 

33 

■250 
i 448 

44 
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.16f> 

55 

Kcnlg 

(Ratio 

Tone per acre 

1 Inches 

300 

m 

1*3 

,*i(K) 

238 

23 

300 

40*2 

4-0 

^ 300 

536 

63 

670 

66 

Arhir 

< Tons per acre 
[inches 

1,100 

401 

4 9 

970 

870 

86 

850 

1,130 

11 2 

720 

1,290 

^12*7 

m 

),34<’ 

132 

Jiiar 

(Ratio 

< Tons per acre 
(inches 

l.lOO 

491 

49 

970 

I 870 

I 8 6 

850 

1,130 

11 2 

720 

1.290 

127 

60* 

1.3K' 

132 
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WATER REQUIREllENTS OF CHOPS IN INDIA. 

deal more than the other cold weather oro[>s. Hut 
^■hat is still more striking is the fact that, broadly speakiic^, tlu' 
o.>l.l weather crops transpire a good deal more water than tlioseof 
die monsoon season. Since it is generally recognised that moia‘ 
lain is required during the monsoon period than the cold woathcr. 
tho practical agriculturist may be inclined to doubt the cuncct 
ness of the estimates, but apart from the faet that there is no 
legitimate reason for doubting the ratio obtained by pot -cultures 
to a greater extent than has been already suggested, theri* 
ar-; several agricultural features apart from thr rroj> whieli 
will readily account for the greater water reijuiremcnt of tln‘ 
tnoiisoon period. In the first place, it must l)e recolhwtcd that, 
at the end of the hot weather, the upper soil is so desiceated 
tliat a very considerable amount of rain is I’otjuirod before any 
crop can be expected to grow. Then too tin- aimiunt of watm 
r.st by direct evaporation iVom the land during the monsoon 
must be for most soils greater than during the dry weather. 
The rea.son for this is simply that a larger amount, of water is 
<juite near the surface of the soil during W(?t wealhcu* than latoj' 
"II, when the upper foot or two feet ai e [)artly dry. A proof of 
this statement is also provided by the Kothainsted drain-gaiigo 
data which show that eva[)oration is greater in a wet year than 
111 a dry one. Again, when considering tlie effect of humidity on 
ii iuspiration, tire small ratio of the monsoon cr^ips, Maize, Juar, 
hagl, Kodo in comparison with the others has been shown to l>c. 
l-rnbably attributable to the nature oi’ tlm crop, which has for 
Lt^'Uerations become accustomerl to growth in the more humid 
'Uino.sphere of the monsoon period. Finally, in so far as a necessity 
t"r an abundant monsoon rainfall is concerned, it is to be rccollecte<l 
that one of its important functions in Upper India is the provision 
''i a thoroughly damp soil for the succeeding cold weather crofis. 
There ape thus several reasofis for experiencring no .surprise that 
S 'lm. at leaai of the rains crops require com|)aratively little water 
^ transpiration purposes. The cold weather crops, on the other 
-Old, develop in a comparatively dry atmosphere, which would 
t^ duraliy tend to cause a more vigorous trahsiiiration. 
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In conclusion, reference inny be made to the itiiluence whii }, 
the soil lias on this subject. In some places where the soil is ouly 
a couple of feet thick, as in parts of the Deccan, quantities irri- 
gation water which are far in excess of those set out in the stj^,.. 
merit No. XXVIII are known by practice to be necessary; 
other places, one or two irrigations, say 2" — 4" is sutticient to {*rn- 
duco heavy cold weather crops ; again, in Behar much of the -ui; 
is capable, prr>vided it has been fallow during the monsoon, of |it.) 
fiuciiig, with the aid of manure but without rain or irrigation, vrrv 
heavy croji-s. During tlie past cold weather for instance, siirli 
crops Were produced, after a weak monsoon, witli only '3s ’ 
rain during the cold weather, lam .sure thi.s aspect of the suojni 
will he readily appreciatetl. It is indeed not only a question nf 
liow much water cnqis transpire, but ais(j to what extent a >n\\ 
acts as a ready reservoir of water. That soils vaiy in this resj)eii 
wb.sn1iowii hy llellriegel, fmt it is doubtful wliether its lull signiti 
oaiice has heon generally appreciated. Wliilst large cold weatlirr 
crops could he grown in the soil at Pusa without any rain, tli* 
soil at Cawtqiore, also liberally manured, could only produce vny 
moderate (Uies ; and yet the dilfereiice in the initial amount of wait t 
ill the upper soil in the two [ilaces was only nominal. The ijiian 
titles of water inoiitioned in the statement as being necessary l<»i 
the transpiratifm retjuirements of cold weather crops probaMv 
provide an index of the maxinmin water whicli might have to !"■ 
given either as rain ov irrigation water in the great alluvium, fui 
in how far the watm' which is in the s<al at the cuiiclusion of th* 
monsoon assists tlie plant and so reduces the amount of irriga 
tion water or rain rp(]uired, must dejrend on tlic nature of tli* 
soil itself. The root range is naturally of inqmrtance and m'a*- 
information regarding it is re(]uired, and tlie capability of a >''it 
to ** yield ” its water to plant roots is of equal impoi’tance. 
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THK N'ATl’HK Ot\THK COlAd’H OK HI.A(Mv 
COTTON SOU,. 


H. K ANNKl'T. li.Sc iLoxii ), k.( s,, m s f a.c., 

Ituii^ntil A < irifHlh ( t'di 
I M'ltOHL'C'l ION. 

Tuk black L'uttuu >>K)il i>t India covers an area of' at least 
'Jm 0,000 sq. miles and ranks as the scCDiid most im|>ortant ol’ o\ir 
Indian soils. On it liy tar the largest |iro|)ortioii of our Indian 
■ntiiin erup is grown. 

Tlio oriLHii of the suil and the cauM- of its dark <‘olnnr have 

o 

long been matters of discnssi^ni. 

As tar back as KS'JD this soil ^\ a.s descril)L‘d Ijy L'hristie.* 
from that rlate tlicre has been a succession papci's dealing 
with it : the [)rinei[)al writei-s liaving liecn NcwboldJ IIisloj);| 

. T. Blantbrd,!; Oldham," and Ijeathc-r. riiese. however^ 
dteiit mme with the origin of the >oil than with the eause of it.^ 
■ oiour and most of the wi iter> assumed tlie <*olour must tjc due 
fo organic matter. Oilier theories have been advaiieed and will 
h'- enumerated further o\\ in thi> jjap' i . 

Some years ago (Japtaln A. Aytouin u.a,. pnblifiihed an 
niteresting pamplilet on tlic ‘‘Origin and dlstiiliution of the Hlaek 
^’otton Soils of tlie Indian Peninsula. ’ Me suggt.sts that the 
black eoh>ur is due t<i organic matter, ami tiiat the black Soil is 

* Jaur„ VI, I1‘.| (hJ’.'i ; VII, .w ihli!:'; 

r r-.x'. ll^.y, IV, .'.1 

1 J»ur, /''(I, !ir -S'l'., ^ , '•! 

i! Siiiv.ry. VI, 2/:. (b*::') inv ois MU, 'o 

■’ Suo’oy, I V, si) ( {'ri) 

J I.nirjrry Xc. 2. Vril;* 
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forincfi ill deprx'ssiijiis wlieix marsh -loving plants grow up -.wA 
die. He thinks that it is probable that the cotton plant 
degenerated in fudia and that this degeneration is due to th*' 
gradual exhaustion of the soil 

I)r. Leather took Uj) tlio ([Uestion about twelve years 
and made an investigation into the eau.se of the colour, thouKlj ]^, 
did not (juite settle the <|uestiun. He wa.s never able to liin>li 
his investigatif>ns, but he eanie to tlie conclusion that the coftur 
of the soil was not due to organic mattei* but to the pre.seiic*’ i f 
some lilack mineral. 

liesides the colour of the soil, another [)oiiit which seem'd 
to need investigation is the wonderful power tlie soil lue nt' 
(M ucking during dry weatla.M'. The rents thus formed are constant 
sources of dfinger to the horseman riding througli the black -"il 
country. In some of the [ti'cvious writings on the subject, tie 
idea seemed U) prevail that the .substance causing the bhuk 
colour wa.s also tlie (‘onstituent whicii imjiai ted this crackiim 
power to tlio soil. 

One liears tales of the wonderful fertility of certain traiM' 
of this country, and tlierofore one would expect to see a lairly 
tliick gnovth of natural vegetation, l^iit a more disa[)pointiii.: 
outlook tlian is to he ob.served at tliose times when there arc ii'> 
crops on the ground, it i.s hard to imagine, Jhire Hat-toj^p"! 
hills of tra[) rock are ty[)ical of the black soil country and alwMV' 
give tlic traveller notice that lie is a[»[)roaching this typ^ 
of soil. 

The only tree which seems t,o grow on tlie .soil i.s tlie Hahui 
[Araviit nmhii(i). Other trees there are practical!}' none. L 
lias been suggested that the roots of no otluM' tree can eiiilui* 
the cracking which goes on in tlie soil in tlie dry weather. 

Tlie cro[)s grown ou the soil are very varied. The man: 
one is cotton. We also get juar, bajri, sugar-cane, wheat, graiiu 
linseed, tur. 

The colour of the soil is in many case-s a very deep black, biii 
it varies between this and a .slaty grey colour. The depth '■* 
colour depends on liuw the soil has been treated or whether ran: 



NAinU: OV THK Cnhnl’K OF HLAOK (oltnN M»n.. 


187 


recently i'iillcn on it or Jio. Wei htiul Ireshly >Uireil 
iierally appears the blackest of all. 

The varieties of l)iack cotton soil are mnnerous. Tvj'ically 
it a deep black soil. As we a])proach the hills, it tliiiis i»ul to 
» li'^diter cuhuir. and becomes mixed with fiaeincnts nt‘ mrks. 
It i> very noticeable that blaek soils neeupy the valleys, and a> 
tji.‘ hills are a[)proaclied, tiie colour changes to rod, 

At Surat, the soil appears to have been all alluvial in 
formation. It contains no pthhles of any kind, even 

Kankar"^ is rjire, atid it does not \ary in etilour throii^hi>iit its 
whole depth. In the south of the ihnnhay Ih'esideney amiind 
Dharwar, Hubli, etc., the soil {-ontaiiis nunu roiis stnall pim-s <>{ 
Kankar. 

The nature ot the e<ilour o( black ei>Lloii suil tin is loie 
-rrmed to call ho' iii\ esti^oiti<m, and Dr. Leather suyy^ested to 
iiie that I should take the matter up since owiny^ h* pressure n| 

• ulier matters he was unable t<j do so liiinself. 

Some of the theories wliieh have been ajhaiienl al \ari*'Us 
Uiiies as to the cause* of the black colour aie latln i’ <|uaint. It 
wa^ once suggested to 1 )i'. licatherv that the colour was dm to 
the presence of a [>lant which eXU(K<l a black dye from its lools. 

I'lie presence of organic salts id iron is also siiggcsicd in a 
D. O. letter from Mr. Oldham to jdr. Leather. | 

As pointed out by I leather, this vi(*w cannot h< ciilci laincd. 
avim*- to the ‘O'eat rate of oxidation in these soils at tlm hi;^di 

o r> 

^*'111 [»era lure. 

Uldhamt; and Medlici^tt and Dlanloid slate ihat the essen 
h.il charaeter of a dark colour appeals to he due in ail ease.s to 
die admixture td’ (jrgaiiie niattei-, and jM-rhajis the presence of a 
Hiiall ijiiaiititv of ii’oii. ' Thes<' stalemenis seem based on 
uialy.ses by Tween. Leather jioints out thfit tho.sr: analyse.s 


' I’ifC*,-.' 'if carloiiatc et iiiif. 

+ Affr'xhUunt^ f.ahtir, s,,,,.^ 

A/ff'x'y'f mol Imhitr. XVi, 2 . I'V !. W, L*;aitr-i 

5 of Iri'lia, 2n>l O'litiMn, (>! liiaru, p, H. 

•ieolojry of In^lia, Pait I Me'lli'.'flf A: Blniifi'p!, j |'. l et C 
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inu^t ha\’o been carried out by igniting the soil, and henct rh.. 
organic matter tbund includes combined water. 

Leather came to the conclusion that the colour is nnt .[ij,. 
to organic matter, but that it is due to tlie presence of 
black miiicral ami that this might be graphite fused on to sjli 
cates, He also made analyses ot large numbers of these 
The reas<jiiH [>ut forward by iA*ather to shew that tlic colour :> 
not due to (n’ganie matter are tlie tbllowino — 

(1) ilie proporti(ni ol total iiitrogen is as h^\v as in niu>? 
othei’ s<dls whicli lose^ only ^ or as much in weiglit wlieii 
heated ; this indicates a low proportion of organic matter. 

(2) Although the loss on igniting the soils is almost uni 
foi’iidy high, it is suggested that the grcatei' part of this loss ix 
due to ex[)ulsion of combined water, because the manner iii 
wliich these regur soils contract on drying, indicates a high 
proportion of hydrated feriic u.xide or alumina ami either n! 
these conipouiuU wouhi h>se the water of hvtlration on 
heated. 

(3) A tier boiling these' ^oils with strung sulphuric acui 
to destroy all oi’ganic matter, the siliceous residue is still blac'k 

L.XrKKIMEN i'Al., 

Presence of o Plaeu Minrjutl, On shaking up a sam|)lo <'t 
black cotton s(ul in a basin. 1 obse-rved an ap[U-eciable amount "f 
a black sul)stance at the b»)ttjm of the \ essel. All my samph- 
<d' black soil were therefore tested for tlie [)rescnce of thi^ 
suirstance. I he samples were ground verv tine, and then lreati <l 
with very weak hydrochloric acid until no more eh'ei’vesceiic'' 
took [)lace. Each sample was then sliaken up in a [lurcelain ba>iit. 
By a process of ‘‘cradling,” the muddy lupiid was thrown ort 
and more water was added, and tlie “ciadiing jirocess repeateil 
From each of tlie black soils a residue was in this way obtained, 
wbicii was seen to be s ery rich in these black particles. Speci 
mens of many Imliau soils, other than Idack soils, were treated ie 
the same way, but no such blaek substance was obtained. The 
■soils so treated were from yhiilong, various soils from the Gangetic 
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alSuviuni. Bangalore, ete, J-JIack sdils fiAniiSinat. Hioadi, Pooiia 
j.,,1 Bliusawal (BoniPav Prosidrnev). Xag[mr, A kola. Drtiil 
, 1\) aiul bainalkot (Mavlra>i) all ga^ ^‘ a lair anmunt nt tin* 
substance. 

On examining tliis black mineral, it was b)uiul t.> bt- .stnuiglv 
lUractod by a magnet, aiul ti) be veiy rieb in iron. Tlic soil 
jrirticles were next tested with a magin*t, lunl thi‘ partieles of' all 
iilark cotton soils so iar exammed ha\r been louiul to br 
iirignelie. The parlicb'S of other soils were tested in a similar 
way. Such red soils as those of Shillono and Rangalorr 
uhieh contain miieh feriac oxide waae also niagiirtir to a 
oiiall extent, hut to imthing like the same extent as thr bku’k 
‘•laloii .soils, 

Hcnee it a|)[)cars that, these soils eontaiii a hhiek suhstaner 
u liielt is peeiiliar to tliem. 

Prof, ililgard, in a recent letter to Dr, Ijcather, detailing the 
results of his examination oi two black cotton soils, reports that (hr- 
iiiicrosc*o[)ie examination of portions of both soils jiroves tlie 
j'lesenee of a certain amount of niagiietit»‘, and also of sj>nie 
i-ither indefinite black particles which I lake to hi* partly de 
c<niiposed hornblende or augite, probably derivrMl from nmh*rly 
iiig rock ju.st as is the case in tin* soils resulting from the de 
••"fn[»ositioii of our basalt soils, Init (he lattm' yield rather light 
'‘•ils, poor in Immus and of reddish tint ami nowhere anything 
'ike your Indian regur.'' 

Auiniiiil (^f Hlnck d/oiC/’o/ P rvsfnf . ■\\v‘ jin/sence ol a black 

iiiincral liaving Ix^en estaljh.slied, it m-xt rmnained t<i determine in 
w hat <|uantity it occurs, and also whether (his (|muiti(y i.s sulheient 
t ' account for the black (‘(>loin'. 

Tile most obvious method for determining tlie* amonnl pn'sent 
"■cmed to be by the use of the magnet. However, altlmiigli an 
' lectro-magnet w^as iitted up. it was not fouinl jiossihle t<; separate 
'ie black mineral satisra<;t<Ji’ily ijy its means e\ eii when the soil 
was ground up with water and the magnet poles immersed in the 
liquid. Practically every soil particle is magnetic ami is attract 
'-■d to tli^niagnot with the black substance, 
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After many attempts the following inetliocl was adhere. I i. 
in order to estimate rpiautitatively the amount of hlack suslijah.-.. 
[) resent. 

*2.0 grins, i^f tlie soil were linely ground in an agate in>iit:u 
It was lliem trr^aied wltli 2 [ler cent, hydrochloric acid in a 
j)orc(*laiii dish until all calcium caihonate had been dissolved. Tb. 
dish was tiien given a rotary movement in the hand. Thu.s tlir -.-H 
particles wei-c set in inotif.n and the heavy [^articles of the h] ick 
minei'al se-ttbol to the hot tom. The muddy li([uid wa.s then T- 
eaiitrsl into a big beaker. More* water was added to the b.-i-in. 
wliieli was again rotateil as al)ov(‘. Tin* proce‘ss wa.s re[>oati .i 
many times and at last the* residue* in the l>asin cmisisteil of ib- 
practically [)Ure‘ hla(;k miin'ia]. This was colb*cted. The ><.i! 
wfiich had hecn pf:)ure*il into the Ixiaker was again cradled. Ibtv 
was [)laced w ith the first lot ohtaiinjd. Tlie proce.ss was repeat'd 
until the soil yielded no more black nuin.’i’al m this way. 

d'he amount of black mineral obt;iiiierl in this manner iioin 


v.arioiis soils is here set out 


IVr ''{'nt. of l.l i 'k 
luiiii'ial t.v 


Surat Koil (1) 




2^^ 

])iU'. (2) 




If 

Dilln 




15 

Dilt') (4) 




... 1 a; 

Ditto (:.) 




1-3 

Chikoli, U. iiu' (1) 




15 

DiUo (2) 




:ec 

Brrar 





A kola, No. 1 




... 13 

S:\ni;ilkot, .Mmli.Ts 
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It must hv reniemht*red that all the black .substances liav- 
not been removed from the .soil by this method. The particles "i 
soil left behind were still magnetic. (July the hlack sub.stance 
whicli is loose in the soil has been thus se[)arated. 

It i.s next desirable to know how much hlack substance i' 
necessary in order to give a black appearance to the soil. ^ an- 
ous amounts of magnetite were added to equal weights of Pa-ta 
soil which is very light coloured. When 10 per cent, of the 
black substance was present, then the soil was very dark. 
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. cent, wa.s fouml to tlarkcn it c'oiisi(j(.‘ialily ami v\i \\ pt-r 
..lit. IiJul a groat elVect. FroiiMny rxpt'iinu'iUs I i-oiu-lminl 
fliat ^vitll a ?<oil wliioh is alreaily a littlf tl;nk thr adiliiiuu nf 
- 1 per cent, ot magnetite would eause a verv appia rialdo daiketi 
i!ig, luit not enough to account tor tlie vciy deop hiaek enkan- 
< 't some ot tliesc .soils. 

It next seemed dcsiiMlde to try ami devise a eliemieal im llmd 
t.T the estimation of the amount of Mack suhsiaiiee prrsent. 
Atier many atteiiqds, howevoi', it was toumi impnssihh' ti> do this. 

Oil boiling the soil with strong sid[)hmic acid as m tin' 
Kjiddahl process, the residue ohtaiin'd in the casr ot all hlack cot 
tMii soils is more or less hlack, whereas thf^ rr>'idm' tVoin all ntln r 
is either white or white ami red. d’his tael was ohsm vi d 
hy Leather (. If/eoV. Lrdtjrr, Xo. ISDS. p. ::o), 

ddiis residue was still t’ouml to 1 m' magm lie un wa.^hing and 
diving. On boiling thesi' i)laek residues with liydiorlilum- arid 
t‘ir some hours, however, and wasliing and <h \ ing, (Imy \v( iv Inuml 
to he no longer magnelie. t )ii again hoiiing llir n .-^idm .s, in 
^ulphurie acid, a [)Ui’e while residim wiis now olitaiind wlin h was 
non inagnetie. 

It oeeurred to me thei'etnia* to (>tiiiialr (In’ aniniml <•( 
i'laek sul)staiiee presi.ait in a soil hy tii'^t lioiling it with snlpimiir 
arid ami then e>timating the amount of iion wlnrh goi-s into 
"'hition hy iMiilmg the ^e^l(lue with hydi o(diloi i<- .arid, llowrvn, 
the it'sult.s obtained hy tins im diod wric no In ih i' than tlin-r 
olUaiued liy meelianieal sepaiation owing to iltr lart that ifc* 
pui'e hiaek suh.stance was louml to hr solulilr to a largr hnl 
variahle extent in sul[dimh- aeid. 

A lew (d’ the results thus ohi.aiiird may. liowrvn. he h.-iv 
'|Uoted : 2(1 gram.s each ol’ Ihisa and Surat >oil.- ami o| two soll> 
iVom Akola i'arm tlo'iitral IhovimM >), wro; hoih d with sulphmh’ 
a<.'id as in the Kjeldalil ptoeess hut without, addition <>1 potas.^ium 
' dphate. Also an extra lot of 2u giains id’ Tima soil to which .> per 
cent, of iiiagnetite liad heel) a<lded wa.' similarly hoilrd. [ he hoil- 
iitg was continued until all eaihon w,is de.'lroyerl. 1 he n'sidnes 
in each fctase were then eolleetcd and washed free Irmii aeid. llie 
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residue from Pusa soil without magnetite appeared white. Th. 
I’esidues from the tliree black soils (Surat ajid Akola) contain..! 
many black particles, but there was no red oxide of iron . 

The residue from the Pusa soil to wliich magnetite had b. . t. 
adiled was seen to contain a good deal of black .sub.stancc. Th. 
iron was now determined in eacli I'csidue by boiling it Ibr 
hours with iiydrochhnic acid on a sand bath, fdtering and * >ii 
mating the iron in the solution with [x^tassium dichromate. 

The, fullowing table shews the results : — 

I ioil found ■ il- \\. 

Soil. I'd S'! -• 

^v,'v 

]K'r cr'iit, 

(witliaiil iiia,L;iit‘tile) 

,, (witli .'i'^ ditto ) 

Soial soil 
A krda soil N*.. I 
Ditto -J. 


■04 
2 20 
I'OI) 

2'Od 


The solubility of the black substance Inis been foimd to !- 
somcwlunc about an [ler cent, in strong sulphuric a<ad. About '1 .• 
of tlic magnetite added to the ]hisa soil lias been dissolved, if 
all tile iron is present as niaguetitr^ the vSurat soil appears \<> 
contain- o pci' cent, and the Akola soils 1 — a per cent. <•! 
magnetite. 

These tigures are naturally very approximate, but they ;ir* 
given as being perha[)s some indication of the amount of biai k 
sul>stan(‘e present in these soils. 

An atte)n[>t wa.s made to separati' tlie black substance bv 
the use ofTlniulets* solution. This wnis obtained <>1 a .sp. gr. 
:>‘l, but the results w ith it were not .satisfactory. The iiguri" 
obtained tallied roughly with these obtained by the method of 
nicehanieal separation, as was to be ex[>ected. 

An<xli/sis nf SahMxnvr. X qualitative analysis shewed 

the mineral to be mainly magnetite, containing fair (|uantitie' 
oi titanium and small amounts of magnesiuni. 

Puritlcation was carried out by grinding with water in a‘: 
agate mortar and then extracting with a magnet. The substauc- 


* ir'i’.'f/.v .{HilOfs'ii, S’r.O’.i, \ ol. I. p, 2'.*’ 
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. urai'tt'd was again grouml aiul rstraoU'tl. Tliis pr.M-uvs was 
,, [Katfd until inievu.soupie cxaininaliniL sluuvi’d the Mil»tanee to 
, , lisist of llic pure hlaek ininera!. 

(Quantitative analyses ol“ the hlaek suhstanee fioni variuus 
.. tls were then earrieil out and are here fpiuted ; - 

Sen at ShU . 



S;un]iK‘ 1 

S.UM|.lr 11 

Vt Mini.i 
!V,.n. 

Imii j».s Kt'5 

77 10 

os' 7 a 

70 ;ii) 

Tit;iiiiutn T'i 

nrto 

M-e 7 

•Ji 7 ,x 

Magnesium as Ml; () ... 

a u\ 

n; lie 

7 ;e> 

Toial 

l(IIWH) 

KHl-nO 

lie 


Tlie iron, titaniuni and niagnesiuin were detenuiiieiL and 
after satisfying myself that the remainder was earthy matter. 
1 assumed in the ealeiilatiuns that the snhstanec eunsisted uf 
I'u, ( h. da Oo iind Mg ( ). Tills was duiu' as it was fuuiid mijaissi 
hie lu get tile suhstanee tVi‘e fruni eailliy matter. ( )iie 

analysis, however, may he rpiuted tu shew to what extent nl 
j'urity T was aide U) bring the samples. 

SrHAT Snil, !, 

Ko. ... ... ... ... Ta2l 

TiOj ... ise: 

M^o ... ... .. ... 3:r’ 

a 1 1;;’. 

Mf'lhad itf The Was <let el'lli iie'd ni the h\dMi 

eldorie aeid scdutioii with litaiioiis (diloride.'^ 

Tiifihnnn was estimated m the liydiueliloiie arid sulutiun 
• dter reduetittii with /due hv titiatiun with methylene him', i d lii.s 
atethod, after a little praetiee, was found to give excellent results, 
■hi hoilim'^ the hlaidv suhstanee- with hvdruehloi ic aeid an iiisujulde 
*' ‘^i<hie was left wliieh eontainetl nnieh of tlie titanium, d hi^ 
'■uis fu;se<l witli caustic potash and then dissoh'ed in hydi 'M-hlorie 
^ "d. The titanium was then estimated in this solution \>y 
I' duciion with zinc and titration with metlivlene hlue- asheddie. 


* voliiiii' tl.'- :iti:dv‘>. 

+ ./. s. e. / . , ry r V -j 7 1 1 1 . r,*- 0, lu n ii j \Mt \ . 
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wa.s (loteniiiiiecl as [)yr(>plH)splmte. 

I'he j»i'(>[)(>rtion of lorrous to ferric iron was detenuin. .| i|, 
a sample ot the hlaek substance (obtained from Surat soil. Ti- 
I’csult (jbhiitieel was, total iron found 53 01 per cent. ; ferrou- in,-, 
found ir)-74 percent.; ferrous iron for Ke, 0^ theoi'y irr,;* 
Assumin^^ the iron is [)resenta,s magnetic oxide, this result is.juit- 
satisfactory. In any case a ]<jwer result tlian tlic tlieorv t'.. 
fernjiis iron would be expected since the imignesiuin prL.>rin 
probaldy lias dis[)laced some (d'the fornjiis iron. 

The method used for determining the ferrous iron consisf.t ij li, 
ilissolviiig the substance in hydrochloric acid in an atmosphr*iv -•! 
carbon dioxide and then to titrate with potassium pennangan ii. 
after adding manganous sulpliate.^ 

nj flw hhuk suhsfftnrrs . — The substauce wlirii 
isolated is in the form of lustrous black crystals. 

Its s[). gr. is about ov. It is cmly jiartially soluble in bnilin- 
sul[)huric acid. After boiling for three Imurs about 55 per e* in 
wont into solution. Tliis cx[>lains wliy black residues are obtain'd 
on boiling these soils with sul[)luiric aci<l. It is no more soluble in 
nitric acid. 

It is readily solulde in lahling bydroch]<jric acid, tliougli i 
small re.sidnc of titanic oxiile is left buliiud. 

It is attracted lyv a magnet tliougli mucli less rcadllv 
pure m ignetite; in laet, some particles of it are only with g!* :u 
dilliculty [licked u[) with a magnet. 

()vc*i of lyfitck S(inds iu .l/ncjvco.- — In certain (>f tie 
We.stern States ot America black sands occur a.ssociated with tl)* 
soils. These sands cliiefly occur in Oregon and California, and 
0. H. Hersheyt makes reference to tlieir occurrence on tin 
Isthmus of Panama. 

Many investigations have been made into the composition - 1 
these sands. Tlie magnetite occurring in them usually contain- 
from five to ten [ler cent, of titanium and constitutes a great*, r 

• (’ho». in*, ill, 7:{ 

t A rL'iiiark.iblc deposit id black iron -laiul, IsthmU'-d Iktiiama. 0. U. ,Ucrsl!ey, .M 
and Sfi, Press. Oet. 22, f 
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siijijilv of useful iron than ;\ny other availahio ^oureo known 
,.!i the Pacific coast.* 

Associated with those black sands in Ainerioa, Imwi^vor, arc 
aj.|)reciable quantities of gold and platiiiuin, es|Hviidly iif llio 
Im liner. 

So far I have been unable to find gold in tin* blark sub 
^.lanco 1 have isolated from (he soils, but 1 have only been aWh* ti> 
nhtain small quantities ot it at juvsent. 

Along the banks of most of the rivers in the I )en(*an and 
also of the Tapti at Surat may be seen ([uantities nf a dn-j) black 
-.and \\ashed up by the river. Tliese rivers all (low tluougli trap 
i.)ck districts and black soil, and thus we have aiiothci- indica 
ilvni of the presence ol’ ap[)reeiahle qiiaiititit's nt this Mack 
.Mibslance in the soils. I collecteil several sanqfics cl this black 
>atul from the Ta[)ti at Surat, from the Tapti at Ihiusawal 
(1 Join bay Presidency) and several other [)liK‘es. Ihc b blowing 
i- an analysis of a sam[>le eollected at Jhiusawal. 

Fo (L 

Ti-Ti(>i 

- 

Ca^^CuO 

ino-oo 

After heavy showers of rain in the black soil country I have 
ulien liotict-a <a ilftposit of black san.l in tlic little .se..niv,l 

I'lit ill tlio I’ojulsiilc by the rain. 

()ldliaint says “many of the (lolurites ol the Derean emitaiii 
iron in the form of magnetite and large (luantilirs .,f magnetic 
Iron sand arc found In the beds of .streams which Ilow over the 
trap, whilst bands both of magnetite and Ineinalite are locally 
common in the metainorphic rocks. On p. Oldham goes 

"II to say : “ It has been stated that magnetite occurs in many of 
the Deccan ha.salt.s, but until far more analyses liaie Ijceii m.idc, 
1' i-s impo.sjiible to say wlietlior any of tlie rocks contain as largo 

• Bl.ick s»n.U of ilie IV'.lic M-tc in rr a, 0. T m,v ao I I! II liiol.:...!-, Ir !•'. 

Ulc Interior, S. (»eol. Survey, 
t Geotegj of Iiulia, p. 37?. 
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a proportion of iroti a.s the laterite. It ih probable that - !h,. 
may, but 1 j — 20 [lei' cent, in any basalt is exceptional.’’ 

. ImnuiU of Mffffto' i/i tJo‘ Sol!. -' Asincnti' 

on a [)rcvii)i^s pa^o*, various writers have c<msiclere(l the bi t . 'k 
cobaii' to 1)0 [iriniariU’ due to the presence of organic inattr i 
1 have also sot out the chief reasons j)iit forward by Lcatln r {.. 
show that this explanation of the colour cannot be entortaiti.-.l 
In addititni to this, black cotton soil has boon generallv consid*-iv.l 
(if late years by ottico]‘s of tlic Agricultural Department to b- 
dotir-ient in organic inattei*. Thus Cloiiston in a [)a[)cr on Manm 
ingof Cotton’^ in the Central I^rovinces mentions that it is a wr!] 
known fact tliat black cotton soils are deficient in liunius, and al-. 
he .says the cracks helj) to af iate- llie soil and thus humus w<niltl 
have iiioi'c chance of being o\idis(Mb lie advocates the u>r n: 
organi(! manure and says that niti'ogenoU'^ manures are found in 
I lave a great etfeet. 

Also at certain hilly districts in Jhanhay, at Ijona\la. it 
has been found tliat cake manures and artificial nitrogenoib 
manures have a wonderful effect on plant growth, indicating tli- 
soil to be poor in organic matter. 

However, Oldliamt notes that Leather did not determine 
organic carhou in those soils and says tliis would seem to be :ti: 
important point. 

Hilgard I also says : Leather attriiiutes tlic black colour 
the regur to some mineral substance ratlier titan to humus, hut hi' 
arguments are not (juite convincing so long ns the (L'andeau 
Iia.s not been made.” 

It therefore seemed advisable to determine both the orgaiiK' 
carbon and the soluble liumu^ in these soils. 

Owing to the absence of gas, etc., the earlier determinati"i!> 
ot organic carbon wore done by the wet coiithustioit or clironic’ 
acid method. 


’ Jtntruii} of Vul. II, P.'irt II. 

t See letter in A,jy>ruU >n‘jl /Wyfr ( I, eathei), Xo. p. 24. 
I St>ih , inieard, p. 41*, ^ 
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Later, however, jsince tlic roiii[)totitiii of the Aoricuh\iral 
[o .search Institute. Jeteniunations have heeii ean ietl out hy tlu' 
Ji v eoinbustioii iiietliuU with copper oxide in a eurretil of o\vo\.jt 
Tiie latter niothod, liuwtner. besido iinolvinc: the deterniinaiion 
..t t!ie amount of carhtuiate present ill the soil, also iuv(>lvet] a 
deu-rininatioM of tiuMilkali carbonates left iiehind aftei the mm 
eustion. in the soil residue. Ktid the amount of these latter not 
iteon detci'ininod, a considerable error would have result eil 

rhe tigures obtained are ex|iressed as [)ercentage of tueaiiie 
iMihun in the soil, it not being considered desirable to *‘\j>res.s this 
as organic matter by multiplying liy any factoi-. 

In the cases where the carbon was delennined in the same 
suit by both methods, the ligui’es are given for the purpi^se of 
putting on rOCotal the diU'erence to he expeettal in the results 
uhtained. The amount of organie t‘arb(ni found in various other 
Indian soils is also sot out. 


Suit tiikuii Wf't (‘rtmlnolioii I >rv rotulinul i.>n 


onu irtAun. , ‘ 

lilOthoa, IDi'lllntl 

(1) Akola V)il , s:i 

{' 2 ) Ut rUss lihu-k -'uO'.i. 'at I (o 

( 3 ) 2 iul 1 oa 

8uv;il 8ull ... ... ’Te 

Sfiinalkot Moil {Mh( 1 i»^) ... ... 1 O; 

Ak<iU .■Hurvc'V No .OS ... (!S 

a lilili.M llnrtli ef S!ikljl.T\va (HatnihtoiH*) ... 0*81* 


, , , . , r , ... ' ) irv 

N t nU/'lt rott'^n 

I ShilluiiK G.'l 

■ B;oig!iloi t ... ... ... (I Oi 

Santly s-'il. U'liLin’ii, K:iL;l.iii‘l. 
ha i ley after w)|(.':it .. ... I 'Ot 

' Pacino:* (Ihalisnotol] O'- ... . aO<t 

* Urofelbalk 0 . , ... 1 AT 

• .. o'- 0 ... ... 1 la 


The cliromic acid incthoil therefore gc/es lowin' le.sulis than 
those obtained by eoinbustioii in f),xygcn. riiis was also found 
be the ease by Waringtou ami lh;ak(*. r and by ( 'amei on 


' J ( . I'.'O'i (n*) 11;,:^ Mul.-r a Maui,:-. ' 

I T|aij«, ( S., l***'!^ :(7, til 7, 
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Hinl HrH/A^ale. " Hall, Miller aiui Manuur shewed that hv thr. 
arldliioii fjf a short tiihe coiitaiiiiiig red liot copper oxith t.. 
cou)[)leie the eomhustli>ti the whole of the carbon in the soil i.vut 
1)0 obtained as carbon dioxide. 

Tile aiiiouiit of oii^anic carbon in those typical black < ottnu 
.soils is tlierefore not unusually liio-h. So that from these li'oin > 
one (jould hardly say that tlie black colour is due to tlie pre-s»-iii-i 
of orL;aiiie matter. 

Sofuhlr //o//o).s. This was e.stiniated by the method iv 
romiiiended l)y tlie I . 8. l)e[)ai tment of Agriculture.;}; 

logins, of the soil were washed in a Huclmer funnel witi: 
1 j»ereent. hydrochloric acid till the liltiatc was free IVom liui- . 
d’ho soil was then waslied wltl) water until the washing.s were lu* 
longer acid. It was then transferred to a sto|)[)ered cvliinf r 
togetlnn* with jOO e.e. ot 4 [)ei' (Mint, ammonia and allowed t-- 
I’emain with neeasional shaking t<ir ‘J 4 hours. Alter standing 
further r4 liours an aliipiot portion of liie li(|uid was lilten-il -4! 
thi'ough asbestos ami evaporated lu dryness in a platinum basin. 
The dried residuo was weighed and then ignited. Annili*] 
weight was tlien taken, Tlu^ In.ss of weiglit is eijual t<> tin 
sniul)lo liumus. 


Soil, 

AkuU Nn 1 

Herat 

Surat 
Sauialknt 
A kola No. 2 
Akola ( ) 
Nagpur ( H ilganl ) 

^ Shillonir 

Not hlriok cotton (4oil J Pn^a 6''il (^an^lyl 
t . (clay) 


SjluUi'’ liinnus jitu i ' in 
... 1 ;ri 

.. ess 
... 0-1)1 
... 1 oO 

... 123 

... 0 70 

i)-.')0 
... 2-41) 

... O'CI! 

... OPf 


From the amounts of suluhlc humus and oismnic earh'-n 

o 

found we cannot say that black cotton soils arc ricli in organs 
matter. If we compare the amount of organic carbon in thc'^ 


* Anwr. 2i*. 

+ ,/. r. S. , li'i'tl, p. Hall, Mtllor uul Maiiim. 

^ OtVicial and riovisional Mt'lhods Ait.ilysis, .^ssi.K'iaii'.'il '"d Aifiucuiiuiai i'- ■* 
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-,N, however, with tlieaniuuiil of soluhl,. huiims, a vei v iiit. ivM 
II, i (act is obsetwiiblc. The total oi-o,uiic matter in a >nl! i, ufieii 
.aleiilateil from the amount of oroanje oarhoi, fomiil l,v mnlu 
|,hiiie the amount of this by a factor. Tliu.s Hall » v that 
til.- organic matter in the soil is sonietiincs assnincil lo eoiii.uii 
.. [ler cent, of carbon. 'We can therefore muybly assum,. 
lie- organic matter in the soil to contain about half it,^ wen-lit 
< t’ tbU'hon. 

( hi at the analyses of blaek seils we tiiul t hal Samalle.i 

s-i! runtaiii.s I-U) per cent, of ur^euiie eai ht.n aiui ih. refuie slutuhl 
.oiitain aluiut 2 per cent, of total or<^ei)ii(‘ matter. Tlx* .snluhlt' 
humus ill it, however, is ImO; hr., mtisl nf thr oi^emie mailer 
uiit the form of soluble Immus. Tlie same is the ease with the oihi-r 
Maek soils examined. Hut with i)ther stiils. siieli as Shill, hi- 
■'Dii. we tmd the orj^ame mattei’ is well ttver ,i pereeut . (Iioui^di tlii 
M.luhle liumus only amounts to ‘2'4'J per emit. Hie same thin- i- 
'i>.tit‘eahlo with Pusa -soil. Thus in Maek eottoii smls the .ir-aiiie 
matter ap[>ears to be lai'^^wdy [U'esent as snlul^h' Immii.s, 

Although it appear.^ improbable that su small an amount as 
t - per cent, ot bumus could have' iin apprmhaltle elVei-t on the 
'-'h'Ur ot the soil, it was llmu-hl desiiable to tf*ht this p<Hiit. 
A'a-ordingly various blaek soils w' -le treated witli li\'drorldorie 
e'id to decompose the “ liiiniates ’ and llieii washed free 
'i aeid. 

haeh soil thus ti'ealcd was now dividial into two r,]U;d 
!''‘! ti'Uis, uiic u( which was then shalo n with -i pei' e( nt. ;inmioiiia 
'‘dution and allowed to settle. Tim solnbh- humus was tlms 
' '^ti acted and the eubrnr of the soil remaining was compareil witli 
diatot the portion of soil whudi had not la eii treated with ammonia. 
Ifirvery Mack soil examined the portion extraeted with ammonia 
distinctly ligliter in colour than the other portion. A ligiit 
'loured Pasa soil containing oidy O tlli per ‘'emt . soluhle linmus 
’'Ved no^ such difterenee in colour aftm ammonia tia-atment. 

*• uereas a Shillong soil containing li' tti poi’ emit, soluble [minus 
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hecanie nuieh lightur in colour after ammonia extraction, T}m 
black soi]^^ examiiiud wei e iVuiii Surat, Samalkot, and three 
the Central Province^^. 

These experiments pi'ove that although the amount of huinu^ 
is not very high in these soils, yet the dark colour is pai-tly du^- 
to it,-^ presence. 

llm Cracknuf oj tiu' <^<nL — As mentioned already, this s,ji; 
is noted for the large ci'aeks which form in it during dry weathrr 
S(mie observei's have su[)[Josed this property to tlepend in snin. 
way on the pieseuce ot tlie black substance which causes tie 
ml our. 

It seemed, howe\ er. far more likely that it was due to tin 
[jresenee of a large pro[)ortion of clay. Accordingly the aniouin 
nf clay was determined in a iiiimher of .soils. The amount.^ foiHiu 
are set out in the tahle, 



Uitliout pieiimiiifi! % 

With [jieliniiioi 


;icid t rejvtint'iit , 

rioid ti eiUimMit 

Akul;i ImI clas'< L). C’. .'cil 


51)30 

Aknia KUi'k L'otOm mixed v^ith ird 


;u-]- 

Surat 


42*1.3 

Sainalk<a. MmIihh 


,3!) 00 

kolii sni'vt'v No. ... 

IG'S.T 

20-01 

„ 1-2... 

26-61 

4S-2.3 

oS ... 

n>!0 


Anirai Kami lieUl, Utivo 

15-90 

33 -74 

Haofiii Kami, nellfuy 

1 G-.'W 

.30 7 S 


The method for tlic vday determination was the sedimentation 
methotl described by Hall/'^ fn the second column the sample <*1 
soil was first treateil with X/d hydi-uchloric acidt to dissolve car 
bonatc. In the first column sonic figures are given which were 
obtained aftci' sihiply l)uiling the sample for half’ an hour in wat» r 
instead of tlie preliminary imud treatment. 

x\s will be seen, the acid treat nient shews a much higher 
proportion rd' “clay.”;; It was thought worth while to put hoili 
sets of determinations on record liere. 

The s,.;/, I'.iO'J. I . .'u. 

* Schh'i jfiHi/, mid,, I^rt, 7'‘, |i. IJTt'. 

I Sfc ;iUo fiaU, Jt’iir, Vt'i, j', 



nature of the OOTol'K oK HT.AiK rnrn^N soil. '2(U 

The separateil "rlay" a|i[);irently eoiisls!,M{ nf imu'li tinei 
P'li tieles than usually <iooiu-s in soils. 

It is therefore ipiite (ihvious that th** pi'npnvt htn of clav 
A. uitl ill itself account tor the “ eraekiiio ‘ in iliesr suils, 

A practical point liert* howovrr arisf^s. Thrsr soils. thoUi.:h 
iiKistly heavy clay S(}ils, hehav(^ rathm’ JitVrrmtlv from la as v rtays 
sueli as are known in PJin'huxL Thrsc latlm- rtMjiiir(' vci v vareful 
iifatiueut after rain, ainl it plnu^luMi wlicii to<i wri inru up into 
unhreakahlo clods ^^■hi^d^ ari‘ only wiili L:rcat dillitully 
1 fokon down wlien tliey dry. On the oi In i’ hand, hiack >oil canin' 
kneaded up with water to fonn a verv plasili' mass, hut when tiii^ 
din's, il ean readily he hrokeii to a powiici \\ d clods o| 
?ho earth in the fiehl can rcadilv la* hi-ok*‘n lo a powdri hv »^cnllc 
pressure. 1 1 ocdirred t n me that I In* c\p|anation of this miclit 
ht‘ touiid in the pia*sen(‘e <d the Idaek niincial. Ijahoraloiv 
. vpi-riiiients on this point, however, did not lca<l to any vn-y 
dftinite et>nchisi(m. 

f,’/<e/^oeo/ Coinposifum n/“ //<** Nf>/7 -The composition dI tic- 


-oil does not vary within \^ i(^c 

limits. 'Idle aiialyso' 

s oi\cn air 

typical ones. 
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44 
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All the above analyses 

except thal of 

Ako 

]a soil wen* 

published by Tjealher,*^ thou^di the average id' 18 
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takoii iVnin I wln> aveivi^ed Leatliers tigures in liiv.,,; 

book, 

III tlie.se analyses l)otli the anioiiiits of iron niul of alumina u. 
high. The latter imlieates a large anioinU of elay. wliich ha>: i..-, 
fonml. 

Nntneri>us iron de^tCM’iniiiations have been made in thesH 

soils. 

'rin.^ analyses by l^eather shewed an iron content varvin- 
between t) and 11 per eeiit. of Vv, 

Mv own analysi's lia\e all shewn a similarly high io-, 
emitelit. 

I’ci c'tail. hV;,. < >j 


Kill 111, lirlifiiy, ... lls^s 

S'eot Ilia), l^ei :U‘ ... 1 1 *.i3 

Akola. Nn. 1 . . n 

Sural Hoil 1 1 

Saiualkut ■ ■ 11 '2' 


Ori(/iii i>/ IthirL soiL — Tim origin (jf black soil ha.s long hi'.-h 
a matter ol discussion, hut it seems to be lairly clear now that it 
is formed from the tra[) rock. But thi.s is a ijuestiun T do n.-i 
propose to enter into liere. A point wliieli tliis paper ditc- 
tiirinv light on, however, is that the alluvial black soils such a-' 
tho.se of Surat are similar to the sedentary black .soils nt tli* 
Di'ccau. Those alluvial black sods aia^ well seen at Surat ( l^oin 
hay Ib’csideney) and at Sanialkot (Madras Presidency). Smai 
is at the mouth of tlie rivci- 'PajUi ami Samalkot at the nmuii. 
of the (Talaveri and !)oili these rivci’s [low through the tr.ij 
disti'iets for nM>st of their course. 

Ilefcrenec may here he made, however, to an examination .-f 
some decomposing amygdaloi<l trap rock umlrndying black sou 
founrl at Hhnsaw’al. l^ombay Presidency, A sani[)le of this wa- 
linely ground in an agate mortar under water. The tine [>owd. * 
was then eradled to separate any black suhstaiice a.s de.scribed ot 
[>. 1S13. The amount of black su!)stance separated apiounted i- 
just under a per cent, of the rock. 


* .StiC'y, /e/./fOv/, U;\ 



NATI'RK THK OOLOl’K t)K BLACK roTI'nN ^n[l. 


‘Jo a 

Vii Jinalv^is of this Mack snh'^tanoe the lollnwluo 

!Muro> : — 

livii -Ke, o, 

I’iuninm -- I'i I MS 

Tho l^laok soil a|i])eai’0(l to have ht'ni fiannMl n,. >•//« iVoni 
• liH ■• Miuruni,” an<l tlie ahovr ti^urrs aiv iiitrn‘stni.14 as nuheai 
Mr^ lhat a siiuilai' hlack .su])sla)u‘(' anpears \n manir hnih in tin 
.h. niiipcsini/ trap nK‘k and iit the soil ilsrlf, 

('uurl'^sionS. -\. 'Dit' hlaek (‘oh>Ur of thesr soll> is iiKiinlv 
.in,, to tho pi'osenco of several per rent, nf titaniferous iiiaoiu-litr 
Iinl of i -J per oeiit. ot‘ sohll>le huno;s. The niimnai suhsiimro 
aloiio would not aceount ihr the drop hlaek i-iiloin-. Hmv it may 
i.r noted that the hlaek eoloiit* of eertain 1 lawaiian -e,i|s is in part 
iftrihuted to mineral matter, in this ease> maiiymm sr dioxid. ' 

J. The soils are in»t lieh in oroaiiie matter judged from thr 
Kuropean standard, and or-anie nitrommrnrs manmvs appear in 
<r|\(‘ ivood residts on tliem, 

Tho. ;inH.nilt nf clay i> .xccpl imially iiiOi .01.1 tl„. 
.iccnnnts for tlie ■' l•ra(■killo wliich lako-, plai'o in ilc'i >"il 
diirin;_t the liot dry weather. 


,/. Iu<l. M7. e'" ■".* 




PREFACE, 

I nis Meiiioir forms a sei[uel to No s ainl Imihi p 

i.foiiiiatioii reu^aixlii)^- th(^ w'atf'i’ laRjuii'onicnls of crnijs in Imlia. 

(Itacnniiiod in sjjils «)t]ier than tlial at i*usa. as aUo (hr 
Milts of (loterminations carried out in the field. 

Nearly tlie whole of the experiiiKmial woik lia^ Imth 
■ A'-riitcil by Messrs. H. N[. Amin, A. Vh lyta. r, \.. K. S. 
\ i^waiiadham, h and J). X. Cliatlerji, i; a., n.sr., Assistaiii> 
;ti Th<‘ Cliemical Section of tlds Institute, and by Ualuis (hiiiH.a 
ra!>!)ad Pande and Nand Kish^n-c Saksena of the (’awnpoic 
Al;i ietdtural Station. I <lesire (o take this <i|))hu 1 unit y nl 
i‘‘kiio\vle<j^dn; 4 ' the care which they liavi^ he^towa'd upon (he 
vnrk. 

My attknowledojnents are also dim to Mr. Ih (f Hurt, 
H- pury Director of A^riculturfc Kiiited Provincos, for valual>lr^ 
a'vivtanej' in ('onnection with (he (Xwnpoia* section of the wnrk, 

iVsA, } 

l!Ml. ) 
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J, WAl/rKl^ LKATHKi^ pIi.d , f.i.i cK' , 

iNTROHlrriiKY, 

I\ Memoir No. S ((’loonieal Series) ilir whieh li.nl 

iHf'ii (>i)t;uiie(l by ineasuriiiL;- the a!unuiil>^ nf wah r Haiispii vb Iiy 
plants when ;^ro\vn by “ ])nt-cullun' nietlnnls wen ilriaibd, ainl 
ila- plan of the expei'inieiits was set niu on pa^i- I i:;. It was 
rieTe explaine<b p. 144, tiiat in developing (ho woi k it had liron 
dorided to orow (/) a nunil>ei' oi' plants in oiio sort <»l soli, ami {n)' 
rlio same plant in a varir-ty of so)U. but that details tia;aidin;.: 
flio latter would lie published sepaiatfdv. 'Fliis courso was ufers 
sitated bv the tact that, althoiiydi this .vrction of llu* wnik was 
in part completed in the inoiisoon s( ason of Itms, tin- l•ui^nl■os <4 
tie- tollowino cold weatliei' season wi-i'o a lailuiv. ehiotly owinu 
o> want of cxperie-iice wdth sonio of tli'- now soils, I ho 
-litheulty was related to tin* phvsioal pioportios of those s.,ds 
Old tliis matter will be explainod siihsoyitoiitly. lliotost with 

rlin cold weather erups was repoated in tin- so;, sun !!MdMO 
and the whole data may now he jiubllsliod. In a<ldi(ion In 
diis part <d' the inve.stij^atiom it was toll to ho dosirahlo. miioo 
most of the plants mentioned in Memoii No. ^ liad hoimoultivfil- 
< d in small jars holdin-* about i .3 hilos of sud. to m ow somo of 
dioin aoain in the lar^re jars eoiitainin- abmit .30 kilos of soil, m 
*rd.er to check the former iraiispiratiou ratios, and this was done 
the cold -weather season ' 1009-10. Part I of this memoir is 
le voted to this section of the work ami to a discnssir)n of tin 
lesults. 
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Ill a<l(liti<)n to IIil'.so <‘.stiniatr'S of u atei* I'crjuireinciits .ii j.,. 
by pot culture luctiiods, it occurred to me some four vear'^ ^ 
try to iiiakr- (jb.sor vat ions in the field on the same subject, 

[t is o^aiorally ackiKiwIedoed that results obtained 1 . j.. - 
cultures slmuld be, wlnm possibh-, verified by similai' exp^ i iin. 
in the field, and however ^u'eat the difficulty in estiinatii,- 0 ,, 
water rerpiiroments of crops in this way, it was evident iliu > 
tin* [)f>t-culture estimatf* could lx* even ap[)ro\imatelv ele 
sucii confii’inat ion woiiM possess considerable valiue l^-t-eN 
n‘,L(ardin^ tlu^ method employed, the data obtained anil 0 - 
dedmrtions which may be made therefVjnn are set out in Part If 
The Memoir also includes certain ai’ounients ami dediiei i- i.s 
in regal'd to movements of water in soils, and tin* iinpon.uir. 
of a method loi- the i*stimation of the lar** at wlilch 
cati move* tlirouoli soils is emphasised. 


IWKT 1, 

I^OT-CcLTrUKS. 

As liriefiy indicated ab<>ve, spocimoiis of our lield rjMj.v 
have been grown in the [lot-cultui’e house in order to asci'i nuii 
tfie amount of wat^n- transpired from the initial stage of ofuwtiL 
until fully rij^e. 

As regards details of the method, the reader may be ref.-rinl 
to pp. 127-142 of Memoir No. s (Clioinieal Series), but stjiM- 
further notes are here of importance hecause of the liif 
that difficulties were ex[)erieuce(! in the use of some of the soil^. 

Filliiiii flir j/fi \ — Soils containing hut little clay are best tili'-'i 
into tlie jars in a damped condition as previously descrih'd 
Thus the Shillong soil, wliich contains a high i)roportion i-t 
organic matter, and the Palur soil, could he filled in and press* d 
down into the jai’ in the same manner as the ealeareoiis Pusa s*'il : 
but the highly argillaceous Iflack C<>tton soil from Akola appareiit- 
ly became too clo.sely i)acked when tilled in this manner, and it w 
found necessary to onl}' sAo/y it, in the damped condition (l « 
water) into the jars. This was undoubtedly due to tlie bict th>i] 


* {.i*c. fif, p. 
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‘.M»7 

rln> soil ^\ve\h ui idiuuum- w hm wt i ainl 

ij.-ncv the necessity tor allowini;' a lTihuI <li>a| inn}',* iitti tspa*-,. ' 
Uiaii tor the other soils. 

Mn(b‘ of ff(b{}>i<f Ho/rr.-- The waior iisial. vUuu w, !1 wai.-i 
a tor the most part added through the eylind.-!.,* 1,^ ip,, 
jiiaetice had to lie varied in eortain eases. 

One of the most striking <litHeulties w hu-h we luri with w.-u 
ivlated to the secondary I'oot system of maize. The e. ivalN. nhl 
etc., after producing the radiele and our or two lenvt's, develoo 
rile .viccondaiy ‘^idventitioiis " root system from the noile at (lie 
ita.-e of tile tirst leaf. Shortly after this, the ladiele sit m heh>\v 
the hi‘st node ceases to i‘unetionat<‘ and di(‘s oli; ami iht* plant 
tleptMids <tn its secondary root sysitum It follows iliaf if the 
on laec soil, into whicli lliis sccomlary root pmietrates, is moist, 
the further growth of the [ilant is assured : if. on tlie oili,-r hand, 
the .surface soil is air-di‘y, tiiis secondary root system eaiiimt 
develop or at least may not g(*t down to the mojst soil before the 
primary stem has died olf; the plant then witlnu's. Now tin rate 
at which inoisturt* moves through the Hlack (.'ottmi soil and the 
Sliiiiong .soil is ap])arently so slow that, although there was a fairly 
hheu’ai aliowancc ofwatei'. ami 'da r(‘sp<M‘tividy, m ihesi- sods 
tritific ill tlic first and second seasons, tiiey heeatne air drv oi 
fhr snrfrici^ lof ahout (Icep, aiiel tin* mai/e plants eoiild not eei 
their sceotulary laxjts through tiiis dry sfiil hidon- the iowei part 
"I the stcuu began to fail. In the moiisoon of itnjs some of the 
nriize liad tu be re-sowinm this aci'ount, and all plants inthetlirn- 
^oils from Ak<)la, Shillong ami Palui’, respecti veiv, had \o he 
a-^sisted. This was d<nn- by fonjjing a smai) Inaip of stn) i oumi 
' acli plant and kia'ping tliis wet by surface additions of water 
antil tlie plant had developed sulhcientlv to be imhqMunhmt in thl'^ 
iespoct. Tins [irocedure did not afiect the transpiration latio in 
any measurable degree because.* transjiiiatidii only becomes eonsid- 
'‘i'able after the secondary roots have made a \ igor<»us stait. 
'jubsequevitly the drier tlie surfaee soil the* better, since- it was 
desired to reduce tlm loss due to simjjh- r*vapoialion as far as 

* ('it ji, l:e. 
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posslOO* ; lu'iiee all wator <ul>sequently added throu^li 
irrigation cylinders. 

He-aring tl)is difUoiillv in inijid, it was decided to circuii) , . hf 
it in tl\e C(jld weatlier of I'tofMO if possible by a ditierent arrar-. . 
inent. Wdiat was obviously desired was to inaintaiti the sui ia.-,. 
of these soils thorouglily moist ; but if this were done iti h*. 
unprotected tnanuei', the direct loss hy evaporation from dr 
soil Would undoul)tediy be very Idgh, and the error dm- i- 
this would also he liigiL This j)oint lias been fully dealt witi. 
ill tile preceding Menioii‘ (\n. 8, ]>. 140). For reasons tli* i- 
exj)lained eloso covers seemed to be objectionaide ; wliat \v;'> 
wanted was a covin- wliicli would, nn the one hand, allnv, 
aeration oi' the surface* soil, whilst on the othor, it woul.; 
prevent in a great measure (he exeessivi* eva[>oratioii. A lay - 1 
ot“ coarse gi-avel seemed to meet these reijuinunents. foraerati»i! 
would be very [lerfect, whilst tlie amount of water that would b- 
conveyed over its surt'aco hy surfac** tension would he negligibl- 
and tliat which would jiass out hy ditfusion of water va]>oiii 
would proliablv hr also small. Over the soil suriaee a singb 
layei- of I'ntlnM' eoars(*([" -V') prbblcs .-uul over tliis another iiu l. 
o|' J"' — Y gravel was laid, This “ eovei- served tlie end ir 
view excellently ; tin* growth oi' the plants iOt nothing to b* 
desired, and the loss by evaporation was reduced to /e.v-s fh'i. 
one-half that of the l^usji soil, instead of being much liigliei. 
whilst the soil was maintained <pute damp to its .surface. 

A third tleviatmn in rr-spect of certain ol' thesf* jaTr? Wii- 
thund necessary. Some of tiie plants transpired u[) wards o( * 
kilos of water per diem during their most vigorous stage, and 
was found during this period that if tin* whole of this wat^' 
were added in the morning after recording tlie weights, a.s has 
been the general custom, the plants ran short during the after- 
noon. It became necessary therefore to add water twice a day 
t() two jars of Akola soil and to two of Pusa soil, the plants 
being sarson in each case. Moreover. t<> two ot the Akola soil 
jars it was necessary, during the period of most vigorous growth, 
to add water at the surface. This introduced a further source 
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L‘0*l 

, r I'lTor, ior this additiun ot water tliruu^h the^raw l iaet >.sii i!v 
t\ tlu’ latter wet and wuuld hence ueeasiou a ^reatn l.i'.s Ky 
, .,;ij(oration tVoin tliese jars tliaii iVoni tlir blank lais, h was 
and, liuwever, that this excess loss was I'ar less than \\i 
nitiei[iated ; a[>pai’ently the ^lavel w hen wel lieid so littb' wain 
(iial when this evaporated tlie loss hoin soil and L^i'avei was not 
niiu-h ^icater than when the gravel was air-dry, and l!i»- moi- 
!ir eanii' nejj;iioil)le. In tins respn-t reln riiee ina\' be niad<‘ In 
Siateinents Xos. II 111 in which ihe data rtbaliny to wheat 
iiid sai'son ai‘e set inil : Iroin tin' niannit d wheal jars about 
kib- of water were transpired aoainst 1 i evaporated : from the 
,-n re^poiidiiio- sarsoii jars the res[)eeti\ o lioiire^ ,are about bln 
iL^aiiist s. so that whatever error luiolu hr inlmdueeil hy wet 
tiny" the gravel ptn iodieally dining a part of the [lei lod of grow th, 
Mh li eriajr could not alle'et tin' ti aiispirat ion ratio matnially 
A' lias he-en said, lM)We\'er. the e\(ia hi» from the wet gravri 
wa-- found e\[)erimentall y to be oiilv nominal. 

■S'oroM/. (Jwing to tlTe employment ot the gra\t 1 n was 

aiilir'ipated tlial some [irovisioii Ncould In* m rt ssjiry to krrp tin 

cravid off tile plant in its initial stage, Tliis pioird by sub-r 
'[U< 111 trial to he unnecessary, fm if ^ceds are sown in the xaL 
lie- [ilaiitling is strmig enough to toier its way ijUite well 
through the l.'.'to ' 1 " of gra\id. Hut at llie time ot sowing the 
,|••o■s. iKj risks of failure- i:ould hr i-iin. ami lienee ihr (oliowing 

d'‘\ ice was eiupli^yed. For (eu'li seed a >mali tube o| lu'owii 

!'ii)er, about 'd'' long by iliain. was in-.rted liirougli the 
gravel on to the s^nl surfacr-, and the srrd plaerd in (la- soil. 
After the })lants iiad come through, these paper eylinders were 
I'etnoved. Althoindi sui^si-ipie-ntly lound umieers>;u\\ thi-deviee 
•niswered its purpose very well, though great eaie- had to he- 
‘ xereiscd when removing the' papi-r eylimler.' in order to avoid 
damaging the young [dmit, 

E>'ap<}r<if 'i<jt( fix' '^xLr.< nj jxrs, Ih-foi e parsing to a 

I niisideration of the data obtained during the two seasons, reh i 
lice may he made to some measurements of the amouiil ol water 
'hiclj vi^)ourise;.s through the sides ot tinjse cultivation jais. 
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yiiice llio pLiijliciitioii ol’ ^leiiioir No. i\ C{)n‘es[,)uii>i. u’ 
liu.s raised the fjuestiou wliether siieh e\aporHtiuu could ]; iv. 
introduced any material enor. Now, as was explained in 
[)aljlicati<ni ( [e 1 t<J), jars of soil of the same de;^a'ee of niui-iijr, 
as tin; jars carryiri;^ [)lants arc niaintained in order to estiinat-- ih. 
loss of water from the soil as distinct frinu the loss due to tr-o;- 
piration which tlie plant bearing jars suti'ered. ^Since tin- j 
ai'o glazed no serious loss by vapourisati<m through their >i.l. - 
could veiy widl take- [)lace, but in any case whatever such lo>' ni 
water might be, it was necessarily included in the loss iVoni tl.- 
Idank jars. It was also explained ([e 141) that the estimat*- n{ 
water lost by eva[)oratiou from tlie soil was open to some err-r. 
because no two jars uf moist soil will evaporate exactly fijU il 
amounts. MorcMA'er it has to l)e recognised in all this work tlia! 
tlie loss by from s<jil bearing large leafy [)lants wiii 

[)resuniably be less than if the same soil were freely exposed to tf. 
air. Indeed tin; method of estimating the loss from the 
and hence tlie amount of water transjtired, is only correct witlnn 
certain limits. l:Jut to illustrate in how far its error atfects .nn 
tlnal result, namely, the transpiiatiun ratio, take the case of wln-iU 
grow n in Akola soil (Statement No. 11). If the soil had eva[>nia 
ted 2.) [>er e<-nt. h-ss than was estimated by the Idaidi jars, the raU- 
for jar N<i. I:) (.^mall plants) would become 'J4.') instead of MIC 
whilst ill tin; sann- way, the ratio for jar No. r.) (large |)laiit-) 
w<iuld liecoine 128 Instead of 422. As w’as poiiited out [)reviou>lv 
([). ir«i) the ratio for pooi’ly dc-velo[)ed plants is of com[)arativelv 
little eonse<juenLMe whilst tin- err<n' wo are <liscussing hard I v 
alieets tliat ior wtH-grow n ones. 

However, inasmueh as the <|Uestion of the amount of wai* ! 
wliieli eva[iorates through the sides of these cultivation jars wa^ 
raised, some measurements of its amount were made. To tlio 
end the following method was adopted. Stout india-rubber sin-' * 
was tied ovt-r tlie top of four jars, two of wliicli contained 
soil with 20 [»er ct-nt. water, and two Akola soil witli 40 [ler cece 
water ; the daily l()'is was then recorded for a fortnight inti 
liot weather, ec., when sudi lo.ss would be maximum, ami w. ^ 
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u.:\[\d to be ‘0.), '01.7, 0 * 1 , 0- kilo, per day. Tlir lo'-s 

tj, Hi those jjirs ?oo‘orr/’<'f/ haJ boon ’lolh ‘UMK ['J'J. i’Jl kilo 
j. ^jioctivolw It is thus scon that whilst tho loss is iiioa^uralho. i( 
iv .jHi'tainlv uot a soiiioo oferroi' wliioh oouKlalh iU any doihioti^ai^ 
that may be made from tho exporinunts. 

/7m' j)hiu I't u«'n ‘ " As MXplaiuod bi irfly m tlit* 

I iitroditotion, tho transpiration ratio has bcvn <{otoiininrd tor (o) 
plants 'U’own in a variety of soils in older to asooi tain w hr! her tla- 
nature of the soil had iUiy otlbot on tlu* rosull, and (/>) plants ^^own 
til lai'i^o* jars of Pusa soil in ordi’r to a'-orrtain the tdort oi tlir 
jailor mass id' soil. In addition to tin- lattrr. vu-^ar cam has 
h< l U orowii in 1010 in larye Jars (size h) in order to estiniatr 
n> water re( juironienls. In the soetioii (o) tmir snils, nam»‘}y. 
trniii Pusa, Akola, bliilloiij; and Palur. wmr used in llu 
iiions<am of l‘J08 when mai/o was the only plant Lfrowri ; IhuIi 
laroo and small jars wore here iiu-lmhal. In thr <-<»|d wi alln i- 
Mason of tho first throe soils woii ai^oiin iisod and 

\ eral varieties of orop ^mowii : only the lar^ost jars woj-r 
. in[»loyed. In tho seetion (l>) the sanio soX oii crops wi ro o\ 
j- rimentcd willi as were ;^rown in the prendin-- oold urathoi. 
The wliolo series may bo’ oon\ onionlly >o( out in tin' lolln\\in|_^ 
maimer. The letters and (^) indioato the smioiis ..f tho 

wnrk tor which each crop sei \ ed — 
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of moisture maiiitHiiied, wliethei’ fertilizers were added or not 
ill what (|uantity, liesides the weights of crops and ainoum> .-i 
water transpired, etc., and for information regarding th^-se matiriv 
reference must made to them. It will be seen that in ul. 
cases some jars of soil wero unmaiiured, in some, “iiicom|)!- tr 
fertilizers wer(i used, and again in all eases some jars of .soil rer»-ivnl 
a “complete ’ fertilizer. In respect of the term “eompitir 
manure, since the addition of potash salts to the Pu.sa soil li,i> 
never [iroved an advantage, a mixture «)f nitrogenous and 
phatie manure is a “com[)let(' " fertilizer Jbi' this soil. 

As in the [)rr'vions .Memoir, the number given to each plai- 
oi’ chart is that of the statement to which it is I’elated. 

yVo' N^tfiirr of (hr — Tlie following details rogartling tls* 

several soils will be of inteiest. 

'Hh' -Jlebar, where the Pusa Institute is siiuat- .i, 

is in tiic ( bingetic alluvium, and its soil is as fi'ee from pebblts ami 
other stones as is the rest of that geological area. It is alsn r,\ 
unknown dejitb. The Push soil is exceptionally line and contain- 
alow proportion of true clay. It is highly calear<‘oiis, containing 
from oO to 40 [)er cent. ol‘ calcium earl)(>nate. Of organic niutM 
it contains as low a proportion as Indian soils in the plains 
commonly do : it is very j)ooi' in readily available ])liosj)hate aii'i 
the a[)])li(‘ation of supeiphospliate in conjunction with a nili" 
genous manure increases the outturn to an unusual ilt/gi'' : 
potash salts have no i.'tfeet on the cro[), In relation to wao i. 
our field tests have shown that it holds about '2<) lbs, per cubii* fe.t 
alter drainage has t'eastal. and crops are able to utilise a.s much a- 
three or Ibiir-Hlths of this, Coii.seijueiitly heavy cohl wealli' a 
crojis may be grown o!i much of this land without the assisiatac 
of rain oi' ii-rigation. Reference to the field experiments (page 'J 1 ' 
of this ^lemoir) shows that some i)f the crops of tlie cold wcaitic ! 
of 11)09-10 weighed j,o0u or 0,000 lbs. of total produce per a<i'a 
whilst the lainfall was only It is indeed [)n>bable daO 

few soils exist which bold such stores of water in a inaiea/r 
readily available to the er(.i[>. The following are the analytc al 
data : — 
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Itlack, {k) a very high i*ontcnt of aigillac(‘nns suh.-.laiiri . 
;nj(! (i ) a great increase ol' volume wlaai w etti'd uv r< in rspoialiiig 
d*c- least' when dried ; it usually contains on*‘ tn thi'<'i‘ ur nmiv 
[M-r cent, of ealeiuin carlionate, llow much w ater this “'od cun 
tains after drainage has ceased is not known, hul sinrr h>i' lh<- 
jiot-riiltures of 40 per cent, water was maiiitaineii anti 

this did not cause any drainage, it is certainly gn atei than this 
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* l)<jlrriiiin':<l by n>(:r' III' lli'-'i. 
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the I0.S8 (jf wab;!’ to the air, though ihi^ certainly w- uls 
apply to the Jiurface 2" or :T\ but rather to an inability to p. iis=:; 
its oreat store ol’ water to (low to the plant. The followiii- 
the Htialytieal data : - - 
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Tli<' r>(^Hr Soii — This soil exhibits no very special charact' i - 
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indicate it as more sandy than it I'eally is. 
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DKDl’niONS. 

Thr oj dilfert‘)i(‘f‘ nj S^uL — Thr most rumjilrlr test u! 

i\ir ertect of dirterence of soil on tlu- tr;nisj)iratiou ratio 
with iinuiie in 1908 when it was o^rown in four soils :nul m 
ilitforent sized The results are eolleeted in Staieiimit 

So I, and whether the eoinjiarison is madt' atiiono the Muall 

iars or the large ones, it is evident tliat il ellert is 

traceable to the chief variant, the soil. Tlw uumaimred plaiits 
ill the Akola and Shillong soils |)ro\idod a soim what groatrr 
transpiration ratio than did those in Ihisa and Palur sods, 
iail il' jar No. 70-1 Akola soil wm-e t‘\eludo<l, tin* dilh i i“in“i s 
\\(Hild he only nominal ; and tin* siinilai’ eomparison ainoic,: 
tin* jars of iiianiired soils shows eoii'espoiniiiigly small vari 
ation. The second ero}) used was wln:i( (Stat<‘nnn( 1 1 ) 
-rown in three soils all in large jars. Hut ihr nnuntn'irrd 
Akola soil led to a higher I’atio than did (*iilier ot tin* otln'is. 
hut no material diftereiicc was realised ammig tin* mm.nrrd sodv 
Kinally an examination of the ratios ohtaiiiod for Sarson (Stat* 
iiiellt III) grown in two soils and tor linseed, grow n m tin* same 
two soils (Statement IV^)also (leiiionstrates Imw small is tlnM-lhci 
of the soil on the transpiration, in all eases tli** ehiel (aeim,^ 
are the nature of the plant and the efleet ol the manure, 

Thr efkH of I hit lunjer untss o/‘ Sm'/. Tlie ell'.et of tin* ma,^> 
of ><ul on the trans[)iration ratio was inferred to in Memoii 
No. wlien attention was di'awn to tin* lowei* ratio wliieji 
had usually been fouiul when large jars ol soil wen* i-mploNed. 
H*uiee a comparison of the ratios (tblained lor tin* se\rn eold 
vo ather ” crops which wen* grown in small jai.*' <>1 Ihisa soil 
:!i 1908-09 with those grown in the large- jars ol tin- siim- sod 
III PJ09-10 are of eonsiderahle interr‘>t. Ihe imans id (he 
digilicates are as folhiws : - 
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1909-10. 

S til ;\U Jilt <, I.fircje .lur?. 


Crop, 



N'o fertilizt'r. 

Con)[ilet«} 

fiTtilizer. 

No fertiliz»r. 

Conn. • 
f«rti i- 

Wheat 

i 

.Vt7 


■I'l', 

Harley 

j 

1sl 

US 

4 :.. 

Oats 


.V>1 

m 


Oram 


977 

I.-JIH 


IVas 

s:ia 

m 

‘^ll 


l.inserfl 




a'vi 

SaiHon 

7:9 1 

an 

4H1 



These Hi^ures (ieinonsh'ate very well the liahility to obtain hi-jli 
ratios wlien the plants are only opowii in siniill jars of soil ; mni 
the etleet is nearly as pronounced where fertilizers w'ero usril 
where they were not. Aecordini^dy the (juantities of water t‘>ti 
mated tf) he re^piired as sat out on pa^o? 182 of Memoir Ni» > 
masl some revision, especially for linseed and irram and pos>)14\ 
guar. ljinseo<l and gram undoubtedly liavo a liigher traiispira 
tion ratio than tlie other troltl weather er()p.s named (see al>“ 
p. 270 of this Memoir\ but not so dispmportitniately higln r a- 
was first estimated, [n other respects these newer tests supp -rt 
the sev^eral deduetions winch were made in the previous meuee! 

Hfjrcf oj I*lfosi)li<(h’s. X speeial reference is necessary to ili> 
results ohtaiued with the Palur soil. This soil was .selcrOMl 
hccause it was known not tn require [ihospliatic manure. Tip 
preceding pot-culture work m relation to transpiration had slnavi: 
that w’hcrc the tcrtilizers included superphosphate the transpna 
tion ratio was small, ami the question iiaturallv arose whetlicr 
was due simply to a stimulating etleet of the manure in a gem ral 
sense m* whether it was releivibh;' to a specific etfeot of phosphatt > 
All (Uher soils which had been used had produced a larger ['lain 
when superphos[)hate was added to tlie soil, showing tliat tiny 
were iloticicnt in available phosphates, and coinciding with tfi' 
increased growth was a decreased transpiration ratio. Transpiia* 
tion records obtained with such soils w ere of no use for the eluei<ia- 
tion of the foregoing (piestion. If. however, a soil were employ* *1 
which, so far as plant development is coticerned, did ‘not rcquii '' 


• Only oiu* i;ii‘ inciipb'it ; itilici' j>lnnfs umi'iinlly Mimli. 
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A phosphatic fertiliser, then if the 8uperi>huspl,aU‘ ha^l any 
.peoific eftecton transpiration, it iniirht he expcetrh t.» h,* i\rnu<n 
.tratcd, in that without a marked iiierease of plain d^vrlnpnit ni 
ihe transpiration ratio should he lowered. Tlu‘ !\a!ur has 
fiilrilled this office well, for the best plaiit,^ and the Inwrsi tians 
piration ratio were obtained by the use of a purely nitro^t-iiou- 
t-i tiliser, thus demonstrating that the (‘tfert of (lie Mipei ph.^pliair 
in tlie other experiments liad l)een din^ puiady to tlir drtirlm. y in 
I hose soils of readily availalile phosphatr and not tn Muy >prrit)i- 
art ion on transpiration Ipy pliospliates. 

S^>(/((r'Catii\ Tlie sugar cane etiUurcs dcsriM- a spn inl 
irterence in part because ot‘ the iinpoitann' ot' the mip. tn pan 
ht-eaiise che course of trans])iration ditferod sonHOvhat from ihai 
most crops preyiously ex[)eriniented w ith 

Two sets of Ashy Mauritius ” cane. om‘ ot ihc hi si tyfu-s 
rf thick cane, were [danted in (‘aeh ol tin' jars » ai ly tii Mar<di. 

all of which produced one or moia' slioots. In lui^si jars cufna 
two or three canes deyelo[)ed well ; tin* raim grew to a height "f 
'.tor toft. The canes \yerc cut early in [ )ee(Uiil)er. that is, allei- 
nine months’ growth, and not only tlm fre>li and dry w( ighis 
ast-ertained but tlie juice also analysed, liefeirm e to ^tal^'nletl^ 
\ I (h) gives details from which it is seen tlial ilie (piallty ol the 
<*ane and juice left nothing t o he ilesiia-d. d he juice wa> indeed 
'''lie- of the richest tliat I havtj ever met witli durning ne\t t*. 
the ehart showing the daily tianspiration, thiN iiielmhslhe toilow 
uig curves (?) humidity, and teinpeiatuie, a plain Him' and a 
d'Uted line respectively in the upper jiart ol tin idiart. |/M 
' va[)oration fi’om soil only, lour curves (iliOiiin d lioin I lie 

'•■uie jars. Of the fourteen jar.s. it, was only eoiivenieiil to l ecnni 
n the chart the curves of a small nmnin-)', lor the rjuantitii s ol 
Water transpired were so similar that tho curvc.s i uii togi tln i 
o'gely, and hence the mean daily water rtaiuirenieiii i.- ree<}i<|ed 
‘ w the chart for only the followung (o) No manure. (/;) I’arm 
ard inauuiXN (^‘) Calcium nitrate and super[)liosphate. (»/) Oilo-ako. 

' he curves run together with remarkahlo nnifonidty. even >ni:iil 
'iitferences being present in all lour. AImuiI days alter plant 
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iiig, the CHHus.shot rH[)idly and the inaxiinuin water recjulrtin. 
was reached alter Jiiiother 40 days. Thirty days later the reipiiir. 
nieiit tell and throughout tlie reinaiiiing period of nearly six inoiitits 
the trans[)iration gradually tell off. It will be observed t’uai 
herein lies a marked distiiiction. The curves for nearly all erujix 
have been of tlie‘ U'jie (o) that for sugar-cane is of the type {h). 



Mm May Jum JtjtY Aul Scat Oct Kkw Oio Mch Aal May J«n July Aus Strr Obt M*v Dt c 


Although the tour curves run parallel, those relating to tli* 
cane manured witli oil-cake and with the artificial manuiv li*' 
uniformly higher than those relating to the “ Farm-manure “ airl 
“\o manure'’ jars, wdiich ditference is largely, tlioiigh imt 
entirely, due to larger crops in the former cases. The period <•! 
maximum water re(|uirement coincides apparently with thri' 
features : canic/y, a of (/) greatest heat and ('0 

lowest liumidity ot the growing .season, [iii) after the phuits ha'l 
commenced to grow rapidly. After the humidity rose to ovi r 
80 per cent, the water re(|uirement fell materially. The elleet n! 
liUiiiidifjj \s very clearly shown after June 15th, for with everv ii>^‘ 
of humidity there was a decrease of transpiration ; with evciv 
fall an increased trans])iration. The chart includes a curve ot'ila- 

shade temperature { line ==®F) at 8 a.m., and there is generally 

with every rise of humidity a fall of temperature, so that both 
factors act together in the same direction on the transpirathin. 
The etfect of humidity is greatei' than thiit of’ temperature. 

Referring now to Statement No. VI (rf) it is seen that ih>' 
weights of crop produced varied considerably according to d‘' 
manure used. Farm manure eitlier alone or vith 
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^ijp(ii'phosphate caused a luodcratc iiici'easr ; oil ^'akt was in"ir 
rtlVetive, and oil-cake and su|)r'r[)hosp]iaic luorr ot!oc!i\t' ^tili 
('alcium nitrate alone was alKuit eipial to iann maimiv. Kut 
.-alciinn nitrate plus superphosphate ])i'«Hhiced a vtav liiiicli 
crop than any of the othor tertilisors, in }’;K-t, ii nt>ar!v 
itchled the yield in comparison with thr niniianunal jdants Ai 
tlir same time too much weight should not hr attaolnal to tln-sr 
ntaiiurial eftects. It is to he riM‘o]|erteil that both lann nianuo 
and oil-cake must undergo changes, thie to haeterial artion, ht'ton 
(fiev become plant foods, and we know nothing alxnit tin- picri'-r 
iiacterlal conditions in this ex])erimeiit. ()n tho ntlnn hand, tin 
value of the mixture of calcium nitrate and supn phosphatr is 
as distinctly demonstrated in these eultuirs as n has htM H 
ivgularly throughout this work. 

Lastly, from Statement VI (o). we learn what the relativ.- 
water recjuirement of the siigar-eane eroji is, 'rhi> is slnovn in 
the last column ; the trans[)iration rati(^ varii*s IVniii l7o for tin- 
itninaiiured cane down to about -(K) for tin* eaiie niatiureil with 
tile artificials. These ratios are, on the whoi(‘, tin- lowa^st that 1 
have met \vith throughout tlie series ol experiments on transpii 
ation, and demonstrate that, relatively to the w(‘ight o{ crop 
yoown, the water re(juiremont of sugar-cane is vei y small, i he 
weight <jf a good cane crop is, however, very large ; 'lo.oou lh>. 
-it cane per acre is very common: h0,0t)it is in taatain kaadiinv 
O'gularly obtained ; add to these the w eights of hatves whieh will 
h^- ao per cent. more. Such crops are e(|uivalent tn somethmg 
iiko •Ja,000 and 50,000 lbs. of dry matter per ar>re ; and Ihe 
^•Quivalent in water, assuming the ratio to he :ioo. work- 
to and 60" respectively. Such brief calculation- will hr 

"Ufticieiit to explain the chief reason loi' the lihei’al irrigation 
''hich the cane crop requires in the dry parts of India, h is 
d-o to be recollected that tlie transpiration ratios liave hern 
" 'tained in a country (Behar) which enjoys a (*oiiiparati\ r|\ 

■•'*!oid elinrate, and .since the edect (>f humidity oii transpiratinn 

'o marked, the ratio for the drier parts of India such a.sthr 
Ihuijab or^ind, may be higher. 
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PART n. 

Fielij Exi^ekiments. 

Ill l!)07 it WHS decided to trace the changes which Wuula 
<K;cur in the moisture content ot a soil where a crop is ^a'i»wit!>;^^ 
in <jrder (i) to coin[)HJv sucli clianges of concentration witii thuv. 
ol' lallow soil, and (n) to try to calculate the transpiration 
tVcnii these changes. There are probably no records of mii[ 
moisture taken throughout the I’oot I'ange of a crop over th* 
whole growing [leriod, and hence the com])ai-ison indicated niKl. t 
(/) Would, in any case, he of considerable interest ; and ii‘ mon* 
(jV(;r such recoi’ds could be utilised to check even a[)proximan l\ 
tlie transpiration i‘atios of cro[)s which were being obtained l»v 
the pot-culture inetliods, the value (jf the work would be \> ] \ 
greatly increased. 

It will [)erha))s enable tlic I'eader to a[)[)reciate tlie geiiriai 
conditions associated with the nU'tJiod which has been employ. d 
in this work if the following matters are ex[)lained : - 

(r) The method of obtaining s[)eciniens of soil and ut 
estimating the amount ot water jircsent in them clown 0- a 
niimlicr of feet from the suidace has been described in Mcninii 
No. (), and It will be sutlicient to say here that an iron "i 
steel cyliiuler '1'' diameter and 3' or attacheil to at: 

iron shaft, is (breed by rev(dving the shaft liandle and with 
tlie aid r)f a lever (see [)]at(: No. I ) into the ground until ii 
lias sunk the dcsii’od dej)th, d" or 6" respectively, and tie r 
w’ithdrawn ; if the soil is not absolutely dry or not excessive ly 
wet, the cvlimlei’ brings with it the small column of soil which 
is reijuired. The cyliuder is then detached from the shalt. 
weighed, and the soil then transferred to a suitable tray^ in which 
it is dried at about lOO^C. By thus taking out suecessiv- 
eylinders full, specimens of the soil of consecutive depths, d" "i' 
G", are readily obtained, and thus the moisture determined ir 
successive depths of the soil. Moreover, since the volv.riv 
soil removed in each cylinder is readily calculated, the amount 
of water present can be expressed in terms of weight per uud 
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\<rluiiie; “ puiiiuls por cul». loot has hiaai lulopud at Tu^a 
The cylinders which wei c previously hesei ihed ai r e\ !ni,h u-ai 
iiiviclc and sliglitly conical in tlic lower )*ai t eui>i«le ; (m r plat. 
\,o, 1), oc., they torcc tlie soil away lnuii them ami wnluhaw 
a ex'linder ot soil ot tlicir internal hnneiiMon.s. \\ IhUt th* sr 
.•vlindcrs work |)erft‘ctly well in nioi>t soil, tht-y ih' h.a mit mio 
a <lrv soil ii'cely, and it hecanie necessary to ile\mr uur uludi 
would do tills. Tdlc pattern adopleil is >ho\v ii in t he plate ll 
, oiisists ot' a jilain cylinder, /a ., it is eyltmliieai on />,.//' |ar< s 
it Is ahoiU 1" lonmu- tliaii the hept h it is reipiiietl to p. iietiato, 

and is thick. On its lowei' taloe i w o li.nmn s .»!’ t In im tal 

m oti ude alltl each ot these timoiics is eiil into thtei* p.nls, tie 

r, litre oiK^ of whieli is then heiit ooc./c'/.v .slightly \\ In ii tin- 

i-vlinder is used, the teetli the soil tin y e.iinr' in eoniaei 

witli. and this disturbed soil passi s into the e\ liiidi i ; omm 

s. ijuentlv tile amount ot soil ahstraeted is . .juai to ihi- , 

diiiieusioii ot the tool, d'liis tool work.s \*ny well m dry sdiI 
and cuts tlll'ough p'onel'etloiiary liiiiostoin'] readily. 

Tile moisture na-ord has been inaintaiiied to a d'-p(h ot 
:• ft. ill most of tlie work. 

It is (piite iieeessary to record with eonsidcraido pieeision 
t'\aetlv where eacli horiip^; is marie in the plot, Ath r eompletino 
I hoi’ino tlie liole is tilled most eon\ <‘nimitly willi dry eartli ; tins 
' iiith will naturally abstract inoistiiie tVom t lie soil >urf. .umlin^ 
It. and hence a suhseijueiit tes< should not he made within a 
'• itaiii radius of a [>rcvious one ; this radius works out to alanil 
h 4 " in Older to avoid a [lossihle C'I imi' ot '1 h' p< 1 eul). It In 
’'ider then to )>e able to trace the p*;sitioii <d hort holes, leliam-e 
ita> been placed on reetan^nilar measurements; troin a li\e<l point, 
Old* two sides of the area of land ccmiprisin.Lj the pkii oj' series ot 
plot.s, whicli was eoiisidei'cd iiiucli safer than indicating' lauelndes 
‘A any direct means such as hv pej^s, 

(u) In the first season the moislurr,- was iletennim-d hetore 
' 'Aiug the crop, but in subseijuent y^eirs this has tx-en also Oone 
■dter the plant was well ab(jve around. In order to ascertain 
die amount of water witli as much precision as ()ossilde, it 
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should he deteriiiiiied in each plot ; but wheu these aggrL*gat-i| 
thirteen, and since only one test (which included eighteen t, 
spociniens to be bored out and dried) could he carried diu . 
day, it l)ecaine practically impossible to test each plot at th. 
time of sowing. In HK)8 four such te.sts were made, each r, 
j)resentiiig tlie moisture of three plots at .sowing time, but u 
was flecided to try to make these te.sts somewliat later, after lia 
crop had commenced to grow, one in each plot. In order 
this bricks were laid between rows of plants (see plate IT) >.!. 
whi<;h a [)latronii was laid over the young crop, and tlie >ui! 
specimens wore thus f)btained without injury to the crnp. A 
further advantage lies in making the initial moisture deternMim 
tion at this period rather than at sowing time, inasiuucli 
as it is only alter the plant is a few inches high tliai 
it coimiiences to transpii-e more than nominal a?nount> 
water, and it is from this period rather than from dan 
of sowing that many of the estimates of w’ator have been niadt . 

(iii) The manner ol* expre.ssiiig the (juantities of \vat» i 
involved needs a word of explanation. It has been mentioiud 
that, from the water found in the soil specimens, the weight t>| 
\vater [»er unit volume of soil is readily calculated, and that thi- 
is expressed in terms of “ pounds per c. ft.’' But w hilst tin- 
mode of expressing the “ coiieeiitration of the water enabf - 
one to measure changes in that respect throughout the i) ft. «-! 
.soil in wdiich the records have been kept, it docs not enable <>ii- 
directly to com|)are quantities of w’atei' with the area of the 1 ui-l 
or w’eight of the croj). For this purpose it becomes necessiiy 
to calculate from the ascertained concentrations, the weight <>1 
w’ater in the soil, say, throughout the root rano*e of a unit art-a. 
and to express the result in terms such as lbs. or ton.s of wat* * 
per acre x feet deep. 

We must in fact adopt a cohona of of a specified dis- 
section. For the purposes of the work now being described th* 
unit adopted is a soil column 9 ft. deep and 1 .sq. ft. cross .sectli'ii 
The depth 0 ft, was initially selected because the shaft of tla 
boring tool did not admit of specimens of soil being taken 
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^a*eater depth. It was also helieveil that oliaiii^os t>t' I'oiuaaura 
tion of water due to plants would not oxtoud in thr s.iiK whioh 
were selected for experiiuent beyond this depth; and altliouoli 
.‘xperieuce has indicated a somewhat ^n-eator depth to alhcled 
at Cawnpore, 9 ft. has proved to he substantiallv >utlielrnt. A 
l.inger shaft could readily have been provided, hut tin* wnik hatl 
proceeded very far before any ad\'antagr‘ in taking dcrprr Iviin^- 
soil specimens was observed ; an advantage whieh wmild inderd 
tiave been eml}^ nominal. Also it may be mentioned tliat, takim^ 
these specimens and executing all tin' weighinrnts in thn Inu 
weather is no light task, es[)eeially when di'ep horings .an* takr-n, 
'riien, secondly, asmall (ovi.vs was selncted hrraux' tin* 

moisture record is obtained Irom either one ni- at most twn 
Ijorings of only diameter each. To ipioti' tln^ wciglii ol' waO-r 
involved as (say) “ tons per acir*” would hear im i rlatioiisliip ti> tin* 
.ietual inas.s of soil e\]ierimented with. A Mnall unit was ln-nr.* 
inlvisable, and the one adopted Is a very conx i nimt nne, Thr 
weight of water (pounds) in the unit rnluinn 11 ft. x 1 ^j, li, may 
also be converted to inches of water on tin* land surlat’i* if di\ ide«l 


hy since this is the weight (pounds) of water 1” dei'p x I --p 

ft. Then, again, it became necessary to euuneet tin* wriglit of 
water in the soil culunin witli tln> (-rop, and here aKn a Mnall 
unit of area is very desiraiile. ( )ar nioistui’e drtei iiiiiiatinn> \vri»- 
neide in oidv very small eoluinns, _! diainrtri ot sod. and 
although hy Snaking two Mich tests ‘J -r ft. apart, a en,ii 
pa! atively accurate estimate of a niueh large! an .i i> ohiaim d. 
It is to be recollected thatthrsr^ tesi> only yield infoiination oflln- 
amount of water within a small area, l<*r it is known that tli*- 
'jUantitv of water present in any field vaii<'> almo^i liom \<tid 
mxWto such an extent thattl.ese aiHlaeners may alleet .piin- 
-•■riously the calculations which arr neer^aix in this woik. 
Theoretically one would like to estimat'* tic* ciop giown "ti tin 
■•tual smali soil column in which tlm mmslure is deiei imned. 
'^uch woultl be obviously inipossilde. but .sufticiont has jecn 
■ lid to explain why a (|uite small area of ero|) has I"-' •! si lect',< 
ior weiirlkinent. It is the more iieeessary to ^'o mlo lliese 
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(l^itails in iimcli a^fiicidtural work the weight of n 

tVoiti ]ii)t less than at least 1/10 acre is considered ueeessaiv 
in enlei’ to obtain useful data. In this soil moisture work, liuw 
ever. Inul such an urea been weighed, most of the crop wouM 
have* been drawing its moisture supply from an area, or voluuir 
of soil, in regard to wliicb the moisture record had but a slii:l)t 
eoniioctit)!!. At the same time it is higldy probable that }ia<i 
only (say) the ei'op on ! s(j. ft, been weighed, an even great* i 
error in nieasurenient would liave occurred ; for whilst on* 
enuld measure faii'ly accurately 12" from between one row ..j 
plants to another cories[)oiiding line, the similai' measiiremvm 
tu the row would liave led to dltlicuities as to whether a certniii 
plant should i)e iiicludeil or not in the 12". Accordingly it \v:l^ 
neces.saiy to cut the cro[) from an area so large that sucli errors 
would become negligible, aiul for much of the work the crop ha- 
bemi cut IVom about aO or GO sq. ft. Sucl^an area is large enougli 
for the purpose, whilst it is not so large that the variuio 
measurements of soil moistuni have not a close relationship to it. 
[f tiien an imaginary column o(‘ .soil be pictured 9 ft. high and 
I s(j. ft. cross section with the crop on the top of it, the quantities 
of water which wo shall deal with will be readily apjireciated. 

(fr) It will probably be at once apparent that such work 
as we are eonstdeiiiig would lead to but little useful result il 
eondu'ded during very wet weather. AU additions of water at 
tlio .surface are not inadmissible. For instance, not only can 
small rainfalls be I'eadily accounted for, but as will be .se*/!!. 
successful measurements have l)een made where irrigation ha- 
heen applied to the cri>p, 'fhe condition which in fact limi!- 
sucl) additiotts of water is that these shall be measurable in tie- 
soil. If they are so great that drainage occurs throughout tin- 
root range and below it, then, since we have in the held tn* 
means of measuring the amount ot such drainage, soil moistuiv 
records would only serve to show changes of water concentration- 
and these would be of little value by themselves under such 
conditions. Hence no attempt has been made to conduct thc-e 
nteasurements during tire monsoon period, which h usually 
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.h imeteiise.l liy a rainfall whi.-h not only Mtili.vs to,- ,i o,,ovm.. 

blit is in excess of this ami iaovi,ios watrr wbab ,|r.uns 
away below. The exitcrinieiits have on this arr,a„n I, a, a, 
n..re.ssarily re,strietetl to tin' - coKl waallmr " pari,,,! n h,„ the 
is only nominal. 

Plan of (h> rxponmi'nis. -Tlip tirst \va. ma.l.- 

ui the coM weather ()!' 1 90r-(lH wh.Mn)ats ^vfMV^o\v!i tin. nir hall 
..(‘a small plot, the other Iiall' heinu j’alUy^, '[’h,. 

i.l-tained were of such interest that it was tleiahril tn t-Mtaul ih.- 

s.'ope of the investi^ration. and |hr tie' fullnwin- s.*ast,!i plnN .a 
l-iml were prepared (/) at I'usa ha- si\ L-n>ps to Im thrown ,„i 
[((MMured and rut uninanured land, and (o) at ( a\\n|inrt> lor >i\ 
*-rops .similarly on inauunal and iininaimi-fd soil. In 
orords were inaintaiiird at (Jawnpora fdi' som.' j)It,is of irrj^nital 
wiieat, in whieli ineasii)-ed <jnaiilitins 1 ) 1 ' watt-r arr ns.-d annualh' 
!nr this crop. Thirdly, in ili<‘ itinlMO. liii^ wnrl; was 

F'-peated ; at Ptisa on two ditierent soils ; at ('awnpoit* un <‘<ani*m 
"US plot.s to those used in 19i)8-tt!f 

Ihese experiments have not hiM'ii niadf* wiih'ait iih‘oln)^' 
‘Uth difficulties. Ihe nioiisoon of lIHis was an oxct-ptionally 
wrak one, and the land at Pusa was in OctolM'i- r)r that vrar so 
dry at the suiTaeo that ^on-iiiinatioii was in)p<‘)-ldj‘t in niajiv 
tirdds; tints, after sowing- our (ir-st solneteal pints, (hnsr had In 
if' abandoned and otliers of a mnrn clayov chaiai lor siihstitiitnd 
Here germination was <^ojo(l on sunn' plots and sulliriontlv so on 
•)t]iers to yield a unifoi'in. if only a modorato omp At (Jawn 
jinre itt that season, likewise al't^r a wf*ak monsijoji. tli'- weights 
'>1 ei'op.s were small ; in sueli easi-s the etlVct of tljc expormx ntal 
* iror is necessarily ina^nitied and for this reason the wholi* nnir- 
I '■ ‘.fated serie.s was discard ojI. On the other hand, the irn^ato<i 
■'' heat ;^rew naturally to ;.frcat perfection, and to the sat i^faclion of 
Mr. Purt and myself it was found that the moi-tuie ri.'eord could 
'tee the depth to which the irri^oition water doseended into tlx- 
"ih Moreover an examination of the data obtained, proved |>er- 
•'-‘‘tly serviceable in accounting foi- the ii rioatitni water anrl 
•■’'Uneeting the total decrease <d‘ water in the soil with the crop 
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Ill 100!) it was decided to repeat the experiment on J v., 
classes of land at Pusa, the one a stift* clay and the otln r 
lighter soil. But the monsoon was so unusually heavy that 
these fields were too wet at autumn sowing time to admit of th. ir 
use, for it was feared that drainage had not then ceased in the >ul)- 
soil which would have necessarily interfered with the reeoid 
A^ccordingly two other sets of plots had to be selected, and of th. <.- 
one was a lighter class of land than that utilised in 1908-O!), wliibt 
the other was in still lighter land, (jermination and subsef|Ut-ti! 
growth were all that could be desired, but rats got into both sta^ 
of plots when the crojis were at their best and the whole of those 
on the lighter land had to be abandoned ; of those on the somewhat 
heavier soil (the one first mentioned above), portions of five w* r.' 
intact at harvest and these have yielded useful data. At C’awnpoO' 
the yields of ^niirri(fat(‘d crops were again small, and it is inteiul. d 
to repeat this series : the irrigated wheat crop was, as previously, 
a very good one and again yielded valuable information. 

The procedure adopted may now be concisely stated. Tie 
land selected is left fallow during the monsoon, and is tliiis at tie' 
end of October in the mi')st hivourable condition as regards innis 
ture for the “cold weather ' crops which are sown at this [)eri(iil. 
The cultivation slinuhl he tlie very best and most uniform possihf'. 
The plots iwv tlien marked out. The accompanying wooih-iu 

rejiresents those at Pusa in 
1009-11) and the others wti. 
similar. Determinations of scil 
moisture at one or two points ai' 
now made so as to form an 
estimate of what tliis is at sowIiil: 
time, tliough, as lias been t x 
plained, another and more com* 
plete test is taken at a lat* r 
date for the “ initial” moistuo • 
When sowing, lines ’to receiv.' 
the seeds, of suitable dejitli 
and distance apart, are opened in tlie plot and intp each a 
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weighed quantity of seed is dibbled by liaiul with as -ivai umtui m 
ity as possible, the aim being to have the plants histribuieh so 
- veiily that anything in the iKilLiiv of -huiKljes' of plant, lum 
and tliore is avoided. For the same I’eason eiihivati.ni of 
plots with cattle is not advisable, tur it is alinosi inijius.jhlr to 
a\oid adventitious manuring by them. Aftei“ the plant is some 
trw inches high, a determinaiieni of ninisime is maile in tin- 
manner already described ([). at a piunt in eae-h plot whieh 
,ip[)eavs likely to prove the iimsi tnitfnntL (not m-eessaiilv tin- 
heaviest). Weeds are constantly renio\t-d so long :i> this ran br 
done without injury. Ihe- crop is then leli lo (ba elop mul i ip^-n 
olf. At harvest about 50 saj, ft. of tlie mo.i nnifonn pan of tin- 
ci'o[), and which should include in its aren the silr of tin- initial 
moisture determinalioii, is eiit. iiir-drlcd. wa-ighed, threshriL ami 
moisture determinations imuh- in the several parts .o as to 
l)e able to coin[)Ute tiie weight of (hv inatti-r in tin- wlmlr 
\[uistui'e deteriiiinations are also made within tin- lnii \osted area, 
and sinee all crops do not matuie at the same time, lln ir i.s now 
rather inoi'C time available, and the moisture is delonniind at 
points within the area : the one is talom ht iwan n two row., 
ot [daiits, the other exactly where a jilaiit grew. It is ilm more 
iieCes.sary to duplicate the estiiiiatiim ol* soil iiioistuiv at haiaa st 
boeau.se, whilst at sowing time the moisture is very evenly 
distributed throughout the small area iii\olved, at Intrvesi the 
uiiitonnity of the remaiiiiiig moisture will depi-ml largely on 
’he uniformity of the enq) and then- is necessarily moiv 
’“Onhiij to variation in its disiributioii. Again a month or 
'ix weeks after harvest a I'urtlier estimate of the moisture 
hn.s been taken in a number of the plots in <jrde)' to ascertain 
■' bat changes take [jlace in its quantity. 1 Vi ifalieally during 
'•i‘e season deteriiiinations of the moistuie in llm iailow jdot 
also made. 

Tiii' lUiiafull of (hr srrrral at, tile tW(j agl'leullural 

atioiiS win be of interest, ami is li'-re staterl. It i^ -seen that 
both stations the rainfall during the growing period \sa.^ ijiiit.- 
"’nail, aiuktliat the crops had to de[)end almo.st entirely on tin* 
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soil moisture or, as at Cawnpore, ou this plus irrigalion tor tii. 
supply oF water. 

STATEMENT No. Vlt. 





I’u>a. 






Cawnpore. 



1907 -Ov 


IW-S-OO. 



nooTO. 


190': -09. 


1 




In. 


In. 



In. 


In. 

i 

h 

Jilt]. 

\2 ... 

•n 

Ult -J.') 

■04 

Dec 


•TZ 

Jan. 1 

■08 

' Dee. *2.7 

■ll 


:n . 

•n:; 

Jati. IH 

IK) 

Jiin 

IS 

•01 

11 ■ 

•01 

.. *j) 

It, 4 

Fe’i). 

i .. 

.n 

iS 

•U.J 

Feb 

is 

O’J 

.. 14 ^ 

•11 

Jaiiy. 2 



■_> 

■SI 

rvi). 17 

•ui 

Mar. 4 

•01 

Feb.. ■2i ... ■ 

•0.3 





•1)1 

.. -n ... 

•Hi 


10 

•00 

Apnl“20 . i 

•.‘i2 




1) ... 

•01 

‘ii 


A pi 

a -ill 

■i:i 

-il .. 1 





zs 

“ll 


■01 



01 

,, '22 ... 1 

•19 




“i9 ... 

■7<) 

A|)ril U1 

“07 





•ss 



M’ar. 

1 

•10 

. , U'> 

•;« 




1 





l‘J ... 

•0O.'> 

.. IS 

l-lJ 




1 




Maj 

7 


,, 

■71 




i 







•’ -f 

■III 




j 







!! ^ 

*U."> 











-JS 

■01 












•91 




1 





li>aiify{U for rar/( croi. 
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Discussion ok the data oarAiNEU. 
of Vihii‘<‘nf i'iilinti of tr((fci\ — The data relating t-' 
the three years' work arc set out in Statements Nos. VIII to XX 
and ill charts which arc liumhered VIII and XIII to XV 1 11 
This numbering of the ciiarts has been adopted for simplieny 
of reference : the chart number corresponds with that ot tk* 
statement from which it is ilerived. 

Tfoi lirjKoo’nn'nfs (it — Directing attention firstly t" dr. 
data relating to the oat croj) grown at Pusa in l‘J 07 -’ 0 «S (State 
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uiL^ut VIII and Chart No. VIII) it will hv srri, that m tlu^ /i,//,.. 
^oiithe water decrea^^ed to a L^roatmltn^iw in ilu' >tiaunu i‘‘j h, 
tr' than in the soil a^ore it, Tlii> I'eaiun- (juii,- rliaiaotL ii. 
tic of the soil of tiiis part of ilw iivM autl wa- nl,srr\Ml ah,, n, 
the previous year. The soil is nnuh m nv sualy in tlu' third 
aiui part of the fourth foot than in the lh>i \\\o tVri ; hrlnw 
4 0 the soil is much more elave\'. So hk(“\\is(,‘ \\h<'ia' thr »i,o 
erop grew, there is a distinctly Lrreater deereasr uf wain enntnii 
in the more sandy stratum than just aliove it. Tin at. seemnllv. 
there is a considerably greater drrit asL nt unnsluit-. Imth in thi 
lallow soil, as also where tlie oats gri w. in the liist ii\, I'im t tinin 
htdow tins depth; the effect of tin- nit eidp hiitiL; nf thf Ium 
luucii more pronoumted. Thirdly, whilst in thr faliuw snil thnv 
IS <l decrease down to about 7 ft.; tins deeicasr rNttmU whi )t' 1 h< 
outs grew to 0 ft. Now thesr t'eatuns nir \tiv gi-inialK 
brought out by the data relating to tiir >evria! mop^ giown in 
the two subsequent scason.s, and Niiriations aiinuiu tin him Ut - 
dtqteiul on three factors, wliicli are (/) the jiaturr of ilir Mtil. {ii\ 
the nature of the cro[), and (/o) tln.‘ weight ol tin‘ }a(t« i, Hf 
these the last ha.s exerted generally tin- groatc -t iuthn in f, thnn;^h 
the nature of tlie erop is neailv as edret i\ r. It udlaKolu 
oleserved tluit the crops of eaiiscd a niarkfd d' ftra^i 

down to about 7' or 7' those* of 1 !m)1I-MI down to 7' nr s' n". 
that is, rather deeper, though the didhreue,* i- not gie.o. 'lie 
-oils are diti'erent only in degrei*. that employi d in r.it)S-n:> ht tn- 
I ^titter soil than that of ! hOlMo ; the amount <4 watej pn .v( nt 
per unit column was, in the former, rO mowing time mnsideialdy 
less tiian in the latter. It will he rceolh eud tlial tlfw i- readi!\ 
accounted for by tlie difference of ihe piecrding nion>oon>. the 
r;*nfall of 1908 having hcen about one-halt the nonnal. that ot 
1909 about twice the normal, ll' iice the (jue>tlon naimally 
occurs whether the crojis in 190 H- 0 !) had leU to take water hom a 
greats depth in that soil than tiny would liave dmie, whi n, 
dter ^ normal monsoon, tlie soil would h;ive containe.l moie 
water : the corresponding fjuc.^tion in regaid to the expeiiment- 

'f 1909^0 hardly arises, because' allliough the inoii-ani 
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had been so heavy, drainage had ceased in the first 9 ft. beb.i, 
sowing time, and this soil would have contained at sowing tin,, 
after an ordinary inonsoon rainfall as much as it did on il,. 
occasion of the experiments. Another feature which i.s regulaiiv 
present is tliat there was but little decrease of concentration -.j 
water at 9 ft. in any of the experiments. 

i Ji(‘ I Ih' clffa'cietei' vf tltc — 

The Cawn[)Ore soil differ.s chemically from that at Pusa only In 
[)o.s.sessing an ordinary proportion of lime. Otherwise it eon>l>i> 
very fine earth, hut is probably somewhat more clayey. In 
this land irregular beds occur containing nodules of concretionar^ 
limestone {fidfiLar). The etiect of diy weather on this soil win n 
fallow is illustrated by tlie Chart No. XX^" from which it is se< n 
that it dries much nnji-e at tlie .surface than the Pusa soil dor>. 
but that the drying etteet dues not extend nearly .so ilerp. 
It has been mentioned that un irrigated crops do badly in 
this .soil ill tlio absence of rain, but with moderate irrigation 
they do well. 

The data relating to these irrigation experiments, nd/rStal*. 
ineiits XIX, XX, exhibit the .same general features as those al 
Pusa, l)ut here the decrease of water concent rat ion i.s pereeptibK 
t(j even a greater deptli and the test do^\'!l to 9' 0" does not exhibit 
([uite the whole extent of the decrease where the ero|» 


grew, 
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STATEMENT No. IX. 

Wheat, Pl'sv, 190^^-01^ 


i'orsus Oh Watkk jn Soil i-kr Cm. Ft. 
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STATEMENT Nv, 

Baiilhy, Ti’^a, 


I’tii I't \V\iKK IN S(‘|i cm; I L'l;. I i. 
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•Ali7 11-. 

ISO 11.^, 


M'liOll.-. 

;mj ii-. 

I4i-y matter per sq ft. 

■11 n.^. 

•lir, 1 ).. 

LliS. \\.VIKli l.S 1 Ml 

( (iM MS- 



I.VkO 

HiK'.l 

Initial 

■j (J 

.j-f) 

Rain - -38" . . 




1 1 

H^lfi 

liircct evaporation 

ir.' 

11' 

HiMH 

:Ct'> 

107 A 

Kcraaininji at Itai (est 

4.7 'j 

Transjpireii 

KVi')) 

iij:k9 



24B 


waltkr lkatheh. 


STATKMEXT Xu. XI. 

Oais, Fusa. iyu8-a. 

{'ut.VLi'' W a jki; is i ku Ci b. Ki. 


iJt'ptll MaNLKKU. r.SMANtHEI). 

ft. 



llliti:u, 


htitinl, 

^Iarvu^^ 


10-12 OS. 

10 :mi9. 

10 120S. 

11 :i09 

U- - K 

121 

2 2 

s-ft 

I’O 

^ r 

iii;i 

4-7 

14 A 

Oil 

1 -1’ 

lO-ft 

ft -9 

10 ft 

71 

1 -'1 

2(1 'S 

7-9 

ISA 

10-7 

'2 -tJi 

19 ft 

l:i s 

20 “2 

9‘2 


IH‘2 

HA 

20 'ft 

171 


IS 1 

Ift'll 

24 9 

17 2 


KiO 

U-!i 

22 1 

i;i-H 

F \h 

1ft A 

S-H 

19 A 

U‘7 


19‘4 

17-s 

ISA 

i;i'2 

.') 

17 7 

IS'.S 

17-0 

IIH 

ft A ti 

lH-2 

14 7 

Iftft 

12’0 

ti -t) ' 

17-1 

1 1 -ft 

i:V6 

12-2 

fti-7 

IH-(I 

10 -2 

IIS 

lo-s 

7 -74 

1!M< 

176 

17'I 

15-1 

74 -s 

2(M 

20 ft 

22'4 

19-7 

S''-<S! 

19S 

19‘l 

22-:i 

1S-,S 

>4-9' 

20-1 

22 ’2 

21-1 

21 -1 



Ratio 



water KKvI'IUKMENTs 4)K ( Mdi'S IN IM>! \. 


INllh, 

ft. 


0 •- h 

1 ~u 
\\-’2' 

‘J\-N 

'S~:v, 

r 41 

I) 0' 

(IV '7 
7'-7‘ 
7^-s' 

S - S.l 
M ^ 


Sown 

Hatveste<l 

Ajon uf fi’Op which 
wfii^fhod 

Wci;;ht of dry inatfci' 


Diy inntter per sfj. ft. 


Initial 
llain - ’.‘h" 


DlrCft evapoiatinn 
K*imaininR at harvest 
Transpired 


UM'I 


ST At KM K NT No. Nil. 

l.iNSKKo, l'rs\, |oOS-n;i. 

pKfNOs WaTKH 1\ Si-ll iKi; { { \\. I 1. 


M vNDiKlt 

1 N M \ M ■ 14 r t ’ 


ltdvoO. 

1 l,itl ll. 

1 1 :irv.’' r 

M ]‘JC\ 

I'l 



i:)’4 

“’7 

12 fi 

2 s 

17-s 

00 

1:4 7 

0 7 

19 7 

lil 

17 :! 

7 1 

199 

ti S 

179 

T'.'i 

•A)-l 

S 11 

1 l.sO 

9 1 

19-H 

x-ll 

21 1 

111 

IS 4 

9 9 

21 0 

lii:t 

*J'i'7 

i;to 

llrl 

9 

1,V9 

10'7 

l.Vl 

li 9 

in-:i 

1 ■: 7 

j Iti'S 

, 12:1 

17-0 

12 S 

Iti'7 

12 1; 

17 7 

l.Sd 

Ida; 

12 -j 

17-9 

i:i:{ 

l.vi 

11 1 

IS'i 

i;o;i 

TMI 

1 1 f. 

19:l 

is-j 

17-<i 

19 1 


•jO-4 


10 s 

L'l-O 

19-,’ 

•.Ml 

2tt t 

19(1 

•JIK.O 

l!t9 

21 .7 


Novciiilior IJrtl, llt'i''. 
Murrh Kitli, 

was 

. . SM- ft. 
ItJiain .. l"Ailhs. 

1 Straw 


Nn\fintn-» .’h 'I, I'tMV 
Mar. li 17ili, 


h iL' -.| ft. 
lir.' It.H, 

I Sj It.H. 


Total . .. 


•J s( lt.». 


•071 Ihs 


'O.Vt 11.1. 


Lns. WATKK IN IMI "'M MV. 
‘J'O 
1704) 

1I'> 

llis-l 

, .-il'O 


170T) 



1 :a] 


11 .*1 
10 !» 




10 0 

•ii;.,o 


() 0 :! 


Ratio 



5 () 


I, WAU'EK LKATHEK. 


STATKMl^NT Xu. XIII. 

Mi'stahu, IN sa, 19U8-'J, 


l’0LNi)3 0^ Water in Soil per (.'pb. Ft. 


Manpred. 

ft. 


j liiiti!'), 

'^-12-0^^. 22-2-09. 


rsMAsniED, 

!<;-}. 09. 

I Harvest 
U-12.0S. ! 2-:{ 09. 


I -n 
1 \ 2 
2' -2il 


‘1 ^ 
* 



6 '- 6 ^ 

7 

7'-7\ 
7 ^-K 
S -Ml 
sr 


I.'..') 

(i'T 1 

ISO 

10-2 ; 

20.3 

11'9 i 

2o:) 

lit! i 

211 

i;{9 ! 

186 

9 9 ! 

21 X 

12 2 

21 '3 

12 7 

17’4 

10 9 

16-7 

11-3 

IS 1 

IGfl 

19 5 

ir.'G 

19 r. 

13 1 

IS") 

12S ' 

20 0 

20 1 : 

21 6 

'20' 9 : 

21 1 

21 ‘7 

19 6 

21 T 


3 4 

12-9 

9 0 

14-7 

ll'O 

17 6 

8-4 

203 

16 0 

19 7 

90 

*>•> - 

12il 

•JiPG 

10 () 

20 0 

13 0 

17 1 

14 0 

14 G 

HO 

161 

IVO 

17-7 i 

ll'S 

167 1 

13-2 

1.37 1 

17-8 j 

1 1S2 1 

IS'S 

207 i 

21-6 ! 

1 21-2 ■ 

i9t; 

i 19{t ; 


4 

7 :f 

ST» 

101 

120 

12-4 

13S 

120 

10’3 

i ;?-9 

i:v:. 

u« 

12 A 
lM -2 
19-8 
20 ‘() 
199 


S<.wii 

November 3nl, 1908. 

Xov(>mi>er onl, ll'ti’' 

Hirvosto-i 

Kei>rnary 2.'mt, 1909. 

.M.irch 2nil, l'.*f'*.*. 

Area of crop wliicli xvas weiwheO 

... HT-o sq.ft. 

1,‘10 sq. ft. 

rSecil 

6’6t) lbs. 

3'67 lbs. 

1 ?o<U 

6'72 , 

3-85 .. 

\Vcit;1it of Ory matter 

.. .3*119 .. 

3-01) .. 

1 Fallen It^avcs 

2 97 .. 

'2>4 ,, 

Total 

. 2l'H 

10 86 

Dry matter per sq. ft. 

*14.3 lbs. 

■(I8;KI lbs. 


I.IW. water [N I'MT (Ol.l MN. 

Initial ... ■ 

Kain ■■ ^ 


ITO-l lerr.'l 

Direct evaporation 7 - T'O 

Remaining at liawest 126 0 118*7 

Transpire*! ^ ® 

1761 'ifrVS 


43*1 

'143 




39 fi 

t 


=471 


Ratio 



^YATKU HRi^riUKMKNrs 1 \ \\\>\\, 


STATEMENT No. XIV, 

Pkas, PrsA, 

PnrM)S (H' \V,iTn; in Suit i su < i n. j.'r_ 


Health 

ft. 

i 

liiiti.il, 

(.lx. 

7 ;l 09. 

'' ll'.‘. 

V V \U M 

Inilutl, 

17 19 (IV 

,t, 

J : U.| 

(» - ‘ 

1.V9 

VI 

N li 

IlNI 

.. J. 


M 

9 (1 

11 li 

14 4 

S J 


19 7 

)1(> 

VKi 

lx 7 

1‘21) 

U 

•J J S 

Ul'il 

M J 

.'1 ;{ 

H 9 


L'd'J 

19(1 

i:. s 

17 1 

is 9 


19-7 

11 

i:c.’ 

.9 9 


\\-'H 


VM 

n (i 

91-.' 

I7 'J 



15 4 

ir.u 

•.*9 :( 

I. VS 

4 -ih 

15 -J 

1 1 (1 

Itrj 

19 '1 

H I 

4A-.V 

■i'lTi 

19 7 

19 S 

I T) 9 

i:i‘j 


19 i 

i(» :{ 

wri 

l.'i li 

I HI 


ls:i 

VJ'.'i 

lit II 

1 :.-9 

Mm 

(i - (i\ 

17 1} 

i;v7 

11) “j 

1 1 9 

Ml) 

li.A 7' 

17 9 

hi-r. 

9 s 

i;i9 

ll-J 

l~-lh 

19:{ 

19 4 

! 17 4 

17 II 

154 


■JI-7 

■J9'9 

'J9'4 

■ji :> 

‘JOO 

S -Kli 

±* s 

•JII‘7 

U|.|( 


‘All 

Si-9' 

19-9 

•-‘O’S 

' 19 s 

19 ’9 

‘.'11 


Sown 

Ilarvesteil 

Area of crop wliicli was weii^hcd 

.. 1 Straw, po(N, tYr 

eiiiht of ilry matter.' 

{ (Main 

Novriiibrr !tiil, 19'l^. 
Man-li 7tli. 1909. 

MH s(t. ft. 

S-JH lt»v. 

H-llH ,, 

Nuv»*rnlK‘r HrH. V.SIn, 

M l, t il lilt, PMl. 
i.vv:* f». 

9-H.‘. n,^. 

Vl'H 

Total 

11 “J9 .. 

I'i-Hs 

Mry matter per sq. ft. .. 

•Ii7s7 ., 

•’KiTN ,, 

Ijw. watkk in 

Initial 

Rain - 'K' . 

i vn 1 f»i.i \1N. 

17H‘9 

•J-ll 

l.‘i9 s 

?-o 


1 ::r9 

Ifll-H 

Direct evaporation 

Remaining at liarvext 

Transpire*! 

9 9 
iL'fiH 

H9'9 

9‘J 

IHt’H 

■Jl’H 


ITo-tl 

191 -H 

Ratio 

•HiVtl . . 

’079 

•OtjS 



■J5il 


.). W.VLTEa LEATHER. 





STATEMENT No. XV. 





WUKAT, 

Pl-sa, 1909-10. 





I'ofNns OK \V.\Tidn IN Son. per Cm. Ft. 




Manirkd. 

j r.VMASL'BF.ll. 


ft. 



1 




Initial, 

H irvc^t, 

‘iT 1 111 Initial. 

1 Harvciit, 1 

2^.4 10 . 

I u n-oy 



j 28 :M0. 

1 _ 1 


1) - \ 

14-2 

1-G 

1-2 12 G 

4 -a 

;4-.j 

k 

U).') 

1 Gd 

71 i:f4 

8-:) 

SI 

T-U 

IG-i 

! GS 

G8 14*6 

i:4-s 

G-n 


1G9 

S-7 

1(10 14*1 

12-9 

Ml 


1G9 

i 7 il 

M'O 16 -G 

s-s 

S'S 


17 G 

7fi 

HI 19-7 

9-6 

s-s 


IH 7 

OO 

S-7 19-9 

9-1 

S-9 

:\k -4' 

■J1 S 

91 

91 20’H 

11-9 

11-0 

\'-n 

0;{.a 

ino 

S(i i 20-6 

12-4 

IKG 

4i T) 

'2'A’\ 

ll-K 

1(1-7 2l(J 

14'4 

1 : 4-7 

:> - - f) t, 

24-4 

IG’O 

24G 

i:l;4 

11-9 

Tii- (1 

•JG :i 

l.Vl 

1 : 4 -G 21-0 

US 

1 : 4-4 

<> tu 


IS 7 

IS -9 2 : 1 -4 

-20-7 

-20-2 

Gi-T' 


21 -2 

22-fi : 22-5 

2:4-2 

2*2'H 

7 — 7 i 

2-i-4 

21*2 

: 22-7 -2.7-1 

22 'S 

24-2 

7\— S 

’2VS 

2'2'G 

-24-7 ! 2.7-4 

24-S 

-2.7-G 

s'-s^ 


2 :f:i 

i 24-a ! 24-6 

-2:4-9 

‘2->-4 

8.h-i) 

‘J.’O 

2:1 

i 27S 21-9 

‘25-9 

-21 9 

Sown 



... November 1st, 1909, 

November 1st, 10'9. 

Hirvested 



March 2:4iil, 1910. 

Mairh -2Sth, lOhX 

Area of crop which 

was wei^Oicil . . 

GO-0 .sq. 

ft. 

. 74-0 sq.ft. 


/seeil 

.S*0:41hs 


1-8:4 lbs. 

>Vt’ii!lit of ill y in:\ttcr straw 

<7-.7;i ,, 


:4-73 „ 


Ichair 

l t« ,, 


-S8 „ 



Total 

10-22 „ 


G-44 „ 

Dry matter por sq. 

It. 


-17 


-1‘2 



Lks. water in I'NITI OEPMN. 



Initial 



190-G 


152 6 

Kain ... 



1-1 


11 




191-7 


1S.-4-7 




— 


— 

Direct evaporation 



17-7 


177 

Remaining: at harvest 


120-9 


1 : 47-7 

Tiauspirt'il 



. 7 : 4-1 


•2S-.7 




191-7 


. 18:4 7 




, 7 .- 4 1 


->-47 

Ratio 



‘ITO 

= .Ti3 

1-20 



WATFK H»jnKKMKN 1 

s UK 

< KOPS IN 

INDl.t. 

■‘^'I'ATi'MKXr 

XVI, 


Oats, I'f. 

4, 



I'.t: S 

O' '4 W ill i 
1 ' It t ; 1,, t 

1 i\ S.,|i 







Man' 1;m> 



Si'iii.tl, 

It irv.'til 



i : 11 < 

1 1 

! t 1 lit. 


I'JH 

IS 

I ri 

i “ I 




1 —1^ 

i:n 

.‘i J 

fis 

* ■* - 

»y . *>i 

17 ■< 

Ml 

^ '1 


17 7 
Itis 

ir7 
s \ 

11 Ml 

11 1 


Uf,*i 

!i S 

11 S 

:ii a' 

•Jld 

s !) 


4 ik 

]‘i:t 

yi 

.s 

\\-r^ 

2.'{ 7 

1.7.': 

I7i i 

-if 

■J.'i J 

i-j;: 

1) 11 


2t 

U-7 

IJ 1 

() 6', 

'j;i-7 

17 .1 

lti*l 

fii-7 

■Si-J 

Jl 7 

Jl 1 

7 — 7^, 

■Ji'U 

Jll V 


7^ s 

-.r. 1 

J14 

J-7 ll 

S -Hi 


J.7;i 


N-i-ir 

‘Jr '2 

j i-' ' 


Sown 



NnitMnlifi- lii^ )9oy 

Harvested 



attii-ii mil, lyiu 

Aiea of <’iop whirli wci^lied 



.'d M|. h. 

NVeij;ht of dry inattei | 



.'{•ip'i iljft. 

1 straw, aVi'. 



, .7 (111 



Tot.il 

y jii 

4^ry matter per St j. ft. 



... h; 

Lps. \V,\TRK IN’ I'M'I '<>[,1 

vt \ . 


Initial ... .. 



... 

Rain 22' 



M 




111 Ml 

Dircv . evaporation 



IT 7 

RemaininK at harvest 



IJtr't 

Transpiretl 



.ij'.. 




lyoMi 




W‘3 

Ratio 



■iHr: " 
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.1. WALTER LEATHER. 


STATEMENT No. XVll. 

ElSSKkI), l*USA. UMLLIO. 




I’nrNDS 

Wat Hi 

IN Smi. I'Kii 

( i n. KT. 


Dtpll) 


MaM’HFI), 


1 

SMaM'RKD. 


ft. 











Initial, 

lUrve>t, 



‘21-11-09. 

22-;i.l0. 


‘2111-i:>9. 

21 ;mo. 


0 - i 

14-2 

•2 9 

1-X 

ll'.') 


2’7 

^-1 

K)-i) 

4 4 

(ii) 

13S 

. 7.7 

7-0 

1 -li 

16*9 

;7'(l 

7!) 

U4 

7-1 

S-1 

n-'2 

J.VO 

■7 7 

.7 “9 

1-2 .7 

6-7 

6 -.7 


i:V9 

(5 '.7 

H (1 

14 9 

r.'O 

67 

'2^-3 

i:)7 

7 '.7 

>5 '.7 

1.7'S 

6^6 

6G 


17-.') 

.S-H 

SO 

196 

s-:5 

7-fi 


19‘1 

9-1 

7 '.7 

21 7 

94 

911 

1-44 

19.(> 

9-7 

S -2 

19:4 i 

14-7 

14 4 


•21 -ti 

i:vs 

12 '7 

2:47 1 

12-S 

11:4 

:/■ M 

■2:^i 

1115 

9 0 

23 .7 ! 

i 164 

U-2 

.44- ti' 

■2;l 8 


11-1 

■23-7 ! 

18-4 

17 2 

ti ^64 

•J.-) 7 

17 S 

iB“;i 

•24-4 

•21-6 

■207 

(54-7 

24 -7 

•21 

•21-9 

2:4 ;7 

2 2 'll 

2’i-O 

7'-~74 

‘2:L,7 

.>J-1 

•2-2 -4 

24 .7 

■22 -6 

•22-4 

74-8 

•24 4 

•2ii-4 

•2:5-6 

*2.7 -.7 

• 2:4 0 

■ 32:4 

s -S4 

•Jfi 

•2:V-2 

‘2'2 .7 

'27 ’7 

2.7-0 

- 2:44 

S4-C)- 

“2.7 ‘.7 

•21 ‘4 

‘2.1 7 

■ 2 . 7 '7 

26 6 

•24-2 


Sown 

vein her l-t, LHKl. 

November Lt, I',". 

Harvesteil 

MnrL'h -220.1, 1919, 

M;ireh .‘lOtli, 

Area of crop wliirli wa^ weijflu'tl 

liO sq. ft. 

GO sq. ft. 

( seeO 

■91 lbs. 

1 U lb-. 

Weiiilitof iliy matters straM 

2'n ,. 

1‘7.7 „ 

1 rViatf 

■31 

■77 

Total 

:l“2:4 ,, 

:4--20 

Dry matter per aq. ft. 

■1174 ,, 

• 0 . 7:4 ,, 

Lbs, WATKK UN 

I'NIT I’OLV'AIN, 


Initial 

LS2’6 

181-6 

Rain ’2‘2" 

M 

11 


18:4'7 

182 7 

Direct evaporation 

17-7 

17-7 

Remaining at harvest 

H.7-2 

127 '6 

Transpired 

.70*S 

147-4 


183’7 

182'7 

Ratio 

... s-» 

37-4 

•953 ~ 



Water rei^uirements ttK in india. 




STATKMKNT No. Will 

Mi'srAUi'. I’l'sA. 


Depth 

ft. 


U - \ 

n 

'■n 

54—6 
G -6\ 

I 

S -Hi 



rnCNDs Oh 

W.vi'Kn IN '' 

’ll III: 

1 i !C »' 1, 



J1 aM'H K1‘. 

' 

1. 

N't \Nt llh 1’, 


1 iiitliil. 


7 110. ' 

i(i il, 


.1 1,1 

•i- 11-00 

7 3-10. 


11 "9. 

<) :■; In, 


U'b 


ti (> 

id: 

4 ‘4 

4 ;i 

15'S 

10-7 

()'2 

d;m 

7 '7 

It '1 

l.Vl 

l:l'4 

7'V 

i:{"i 

!) !! 

11 1 

IT-i 

1‘2:4 

111-2 

12 9 

s li 

7'o 

loti 

‘1-4 

7s 

17) -9 

n 1 

It li 

16-0 

SI! 

7 '3 

IT'' 

111 

in 

1st) 

l(i"2 

s 0 

is;. 

111 7 

II'T 

Itl V 

1<)'4 

s-; 

21 ‘1 

1 :{•'.! 

12 


Itl’l) 

S'4 

22 '(i 

t:> li 

12 3 
n 9 

‘23 1 

11-7 

114 


ms 

•2'J ti 

lti.7 : 

14 4 

2D7 

ID2 

12 7 


ibi 

iilo 

2.’) 1 1 

141 

1.7 3 


!t4-7 

IS't 

2S'S 

',2:{ 

1 7 '.3 


2'l-3 ; 

21 '9 

2:1 1 

‘22 4 

21 4 

‘24 ‘1 
24-:. 
*^o'4 

2D(i ^ 

21 1) 
2 : 1 s 

24 0 

2*2 -9 

24 4 
24 4 
24 7 

23 7 

24 ti 

23 (i 

24 (1 

■26-4 

2:r3 

2o s 

20 9 

2 ;. 'I 

21 ti 


NoYPinhor Isi, 
Nhurli 7th, Itll't 

Area of crop which was:wei^hca "I ‘ 

j >ee'i ^ 

Weij^htof dry niftttui | nfraw - ' 

Total • " 


Sown 

Harvestetl 


N,n.‘nit.<-i M. V.MH 
Mutrli <tth IMIII. 

Ik) ‘<J ft, 

■'♦0 |t.‘. 


Dry tuatter per s'l- 

Di;s. W V I KIl I V iMi ' Oi t MV. 

^HicT 

Initial x 

Kain^lh' 

• 

i^r:, 


Direct evaporation 
Heraaining at harvest 

Transpired 


14 T 
1:44 '7 


n: 

rfti V 
■J’i 1 


isTo 


]<\ li 


'.m 


•J14 


LU-l 


= 477 


Hatio 



250 


J. WALTKR LEATHEK 


^STATKMKNT Nn. XIX. 
Whkat, rAWNi-oiii', 




bnt ^Lis ot 

Wat Kit IN s«)n, rKit (.’iH, Ft. 


Ib'pth 







ft. 


plot A , 

Fallow 


Wheat f:. 

Fallow 


1 tiitjul. 

harvy-it, 

plot I), 

Initi.il. 

liarve^t, 

plot B, 



16-4. r>o. 

234 09. 


in 4 on. 

22 4-09. 

(I- h 

12'2 

2 6 

b;-6' 

HI 

4-5 

10-4* 


l(i-7 

.VI 

9 -2 

H-7 

4 5 

.■>>8 

1 ~n 


{j-d 

9'S 

21 6 

7 '7 

7 1 

\\ -2 

14-1) 

7"’ 

u-i 

22 '6 

(b.'i 

9i 

2 -‘>.i 

Ui.'i 

7-6 

11 '9 

21-4 

10-2 

9-6 

2i-;i 

U‘2 

S‘0 

13-3 

2:V7 

lf):i 

9 9 

:{ 

17-« 

9-1 

130 

2.V2 

12-2 

10‘5 


IH-S 

9:i 

1.311 

24 fi 

12'K 

U‘4 

4 

IS.') 

8-8 

U-H 

2.7-0 

1.3 ‘2 

9'.') 


19-.1 

<♦6 

!l-7 

22-4 

H’l 

10‘1 

n -rii 

18-7 


121J 

2.'rl 

\:vs 

11 6 


2<I’4 


14-2 

22 9 

16-1 

14 '7 

fi ‘ 

2:vo 

ir)ii 

l,5-6 

2:b.o 

lfi-6 

16>4 

tti-7 

24 4 

1.V7 

t.5-7 

24‘1 

16S 

le-r. 

7 ~7\ 


•M-) 

16:1 

27 '1 

190 

21 “7 

7^-S' 

27 '8 

2o'2 

lS-7 

27.1 

2;m ‘ 

2V4 


3(j'4 

22-0 

19-4 

;n*4 

2:)-9 

24 -S 

8i-i> 

:ii-4 

21-0 

22 H 

:i(i.3 

280 ; 

24 


] 



A. 

t". 

Ib-y niattci pel- sep ft. 

‘117 lbs. 

•no Uh. 


Lns. SVAT'KH IN TMT dOl.i'M.V. 


Initial 

182'S 

219-0 

Rain ■-■25'’ 

l-:l 

l-:4 

Trrifiatioii .. 

27-1 

•27 ‘9 


211“2 

•248*2 

birect evaporation 

49‘« 

64 6 

Hemaininp at harvest 

109-9 

128-6 

Transpirert 

... 51*7 

55*0 


21 1*2 

248 2 

Ratio 


.'w’O 

Tii) 


* Haiti fell on botli tlK"iO {'lots before ihey cotiUl Ije $ample<l. 
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STATKMKNT No. XX. 

WUEAi, C.WVNl’ORE, iL'O'J-jn, 




r>M NDS i»)- \V 

atkk in Sun 

I’KU ( f n. 

Ki. 


Ot'pth 

i’lot R, Whciit. 

i'mt A 

K.iDvvv. 

li. 

\\ l.c ,t 


ft. 

Ii'iiiivi, 

1-12-09, 

llnrvest, 
9-4 10. 

iintiiii, 

29-11 119, 

4 4 1<*, 

2-12 '9, 

Hr(r»,,r, 

: i-io. 

^ Imn.tl, 
;i'J 11 in 

0- ; 


2'ti 

S’*{ 

■> (i 

0 8 

•lA 


4-1 

107 

.)' T) 

12 '4 


10 !l 

r>s 

1 ll 0 

i -li 


5'5 

in 

10-.-. 

18 7 



u-.> 

14-0 

.V4 

14 0 

Ill 

lAU 


Its 

•J 

14-8 

4-() 

Ij'.S 

i:4r> 

14 4 

0 2 

l.V 4 


14'9 

4-9 : 

1:10 

18 n 

ll-i) 

0 0 

1 N'S 

3 —8.", 

14 -2 

.>-b 

120 

101) 

18-8 

Os 

1.7 1 

•14- r i 

I4'n 

.■>•8 

12 S 

11 0 

18.'. 

7 s 

, 1 4 9 

4 -4^ ' 

12 9 

li'd 

18 (I 

10 4 

18-7 

7 s 

1 17 1 

4i-rr 

12 H 

1) )S 

14 4 

H (1 

120 

9 7 . 

i 10-2 

o —ru 

i:>-2 

10 1 

i:i4 

l.V \ 

188 

no i 
120 i 

17 0 

r>.', - 6 ' 

lti*9 

1 1 

Iti'O 

14 1 

1.V2 

10 •j 


IS'5 

147 

17 9 

IT'.'t 


1 4 ,') ' 

17 s 

q-7 

2U-8 

10 1 

21-2 

19 s 

108 

no 1 

19-4 

7—71 

24-;) 

IS'U 

•20 n 

288 

ISO 

i;i 1 

2*0 -8 

?i-s' ^ 

2t>-l 

24-S 

•29 -2 

■24-7 

20-7 

20 7 f 

LSi'.'J 

s -M-i 

2t>9 

21 i 

•2S 4 

•2r)’0 

21 7 

22 

•200 


‘Hio 

10-9 

•29-n 

’20j 

28-11 

2I-S ; 





ll. 

Di^y niattor per »q. ft. 

, •lOl.'ill.^. 

■r>s It,.. 

1 

U A'l KK l.V i Nli ' DM M.N. 


Initial 

I■■>0•2 

1.80 7 

Rain -^1-81'' 

9-4 

9't 

! rrijratioti 

‘20-0 

2:f7 



109* 

Direct evaporation 

27-1 

2(fs 

Remaining at harvest 

9'2 0 

im I 

TranspiteO 

O'j-O 

470 


1h5-0 

lOfJ'^ 


4 j 
N'*j 
ItlS 
i:iv 
IR :! 

ir» s 

j'j.i 

nm 
K.T 
Hi.') 
ii I 

\:>\\ 

ji;? 
■£\ I 




M'AIER RE'^l’lKKMKNT-S OK IS 


CIIAUT XV. 





WATER KE^I'IREMENTs OF CRol's is 


Another fact bruught out l>y the ib'eroaM oi‘ v\atta‘ .-on 
centration through crop agency U iliat the ilocr^a^t i. uauv or 
less constant throughout 5 or 0 feet. The general ui^a i*. that, 
although some roots exteiul through a munher tif feet, th,- gjraii‘i' 
part of the root sj’stein dcvel(>j)s in tlic tlr>t toot nr ^o nf thr 
soil. As a matter ot tact \ve arc not conecnK tl hei’e wiilj either 
the total length of the root systcni or with the iiumln r of rnuts. 
but purely with the organs wlilch as^imilatt' the watrj-. and \hc 
(juestiou otie would like to answer is what is (hrn- distribution 
and how far apart are they ' I trust this docs not read as though 
it is suggested that such organs take u[i ti\ed poMtions in ()jr 
soil ; it is, of course, perfectly well iiiidersiood that tliev lia\e a 
temporary existence, and that as each fiiilils its allot ted Uisk and 
dies off, it is followed by a new one further on. Hut they must 
be distributed in some systcniatie manner, and judging by tin* 
magnitude of the deercasrs of water in suecendiiig feri nf >oil 
tliey seem to liave been nearly as numerous m the (iftli and ^ixtb 
feet at Pusa as in the first. Iti tin* iri'igated snjl at ( awnpnie 
the case is nearly the smm*, though aflm alhiuing fnr tlie 
irrigation water, there must ha\e been inmr wai.a assini 
Hated in tln^ first and sneoiid lent than in the (ouiili and 
fifth feet. 

1 lu’ fiino'iit/ nf W lih'f- ( I'tin Sjn I'nt/ , As » ' \ ] ilai I lei j ill t he 
Introduction, the obj«‘et (pf these field le>N wa^ iml limited to 
obtaining information in legarc! tn ({(‘creasns <pl sni! nim.siuip- tfiip' 
to crops, and tht* exteiil in llm s\ib sod to w hn'li -m h dep-ieasp s 
occur, but also to try tpp estimate tin- amouiii of waiej t lan-jnrraj. 
and to compare lids with the weight of eimj* grown, in <n(h-r tn 
ascertain whetlier tiiis ratio agienpl >uipstaiil ially with thai wfiieh 
bas been obtained by pot-culture metlmch 

Now it is not feasif)h.‘ to f-stimale din-'Uly tlm tjuantily pU 
water whicdi is brought to tin- siufaep- of ih*' laml ainl e\ap(pr.iied 
the (juantity traiispired by einjis. I enti^id' i' d at nm iiin» 
whetlmr it: wcjulrl ))c possiljlc to >r) endo'e' a p'prtioti "f a ej-op 
that, if air were passed freely over it. the iner-a-- nf moi^tun- m 
this air eould be determined u itb a sufhcient ih glee nt prep-i^i'pii. 
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and it becaiiL; evident tliat such a method would be <juit* 
mipractieable. Only one of a number of dithculties need be her>. 
stated. Suj)[jose that a part of a crojj ^\’ere enclosed in an 
apparatus which would cause no abnoriual solar or radiation 
ctiects and air were unilbnnly passed over the crop, the error in 
deteiTnlniiio such dihcrcnces of atino.spheric humidity, wliether 
measured daily or half-daily or for any other period of time, would 
bo too oi'cat to admit of tlie necessary precision. It must b*/ 
roc< dice ted in this resi)ect that ordinary air must he employed, 
contaiiiin^^say, 7 a per cent, liumidity, and that if, w Idle such air were 
passinjj^ over the crop, the transpired water raised the humidity t«i 
say 85 j>erceiit,, changed conditions would be thereby introduced, 
which could not iail to atfect the rate of transpiration, and yet evt.-n 
with so small a dillerence of humidity between the air before and 
alter passing over the crop, it would be impossible to determine 
witli sutheient precisi(Mi the respective amounts of water. Such 
a method of directly cstioMting the amount of water transpir- 
ed l)y a ci‘o[> is then for iliesc I'casons alone impracticable. 
Xumcrous other diftieulties also arise, some of which are e(|ualiy 
weighty. 

It is, howevei’, [)ussibleto employ an method, provided 

it is allowed to be a sound one. 

In Memoir No. d ami .Vo^o'c, Jan. ! 4th, 1 ‘Jdtd 1 oave reason.*' 
which were based on arguments used by Lyman Briggs,* for 
assuming that, if a soi ies of soil im/isture determinations are made 
throughout succeeding sti’ata (>1 soil, and it is found that im 
change of coiicentratit)n occurs during the period of observation 
below a certain depth (provided also tliat the sub-soil water 
is at least some feet below this stratum), it may be held that 
no material amount of movement of soil moisture has oceurreil 
from this de[)th during the period. Tlic data quoted in that 
memoir dealt with changes of soil moisture in fallow laud during 
dry weather, but the arguments there used are of quite geiiend 
application. It is perhaps ueee.ssaty to recapitulate diem hen. 
in order to show their connection with the experiments on 


’ leui. lo, oi Suiif. L'. S. LOpt. .XuriL’. 
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crop!^ which are now under res lew. HriL:^> a^sinnrd that tlu 

water in soils the liquid wtitei“) i> rotaineil. alter drainage 

has ceased, between soil [)<ll'tiL‘les in tin/ maniier nuheated 

in the marginal tigure. It is, ot' euur>e. well undt'i'>toed thai 

a mass of soil does not consist simply nf pai tielrs anangril in the 

sinq>lc geunmlrie maiinei' that llir s[>here> 

occupy in the illustration, luueh h^" that 

they are sphei ieal or all "t ene >i/.e : it i- 

indeed [)i'el)id^le. though the tael ha> in't 

been deinonst rated, that eolheiiuns m 

ao’e're<*'ates o{ soil partieh s m-rur, whn h 
fro f? I 

aefu-i'cnites owe their exisltliee h* the 
o 

surface tension ol the water hetwet-n 
them. Hut whatever the real arrange 
ineiit of jiartieles in the ^oil, the nnoe 
meets oi' water after drainage ha- e.-a-ed 
must depend on ehaiiges in the (jnanlit\ 
„r water between iieiehbouriii- i)artirl.‘>, wliieb |,n..lur.- .blb r 
eaces in surface energy. A.nl Brig;- Im'iiiI-I ..ut tbat, ,1 
at any point water is reniow,! from betwem, Iwo paiti.l.s, 
this will oceasion a eliangi,' in the nirvalnre ol tin' stirlao' 
of the water remaining, wliieli will eauo' a Ilow ol walei liom 
between the neighbouring partieles. ami tins nn.t.o,, will l.e 

eoliHilunicated throughout the wlnilo iiia>' Ihi' .ii.iiimiit 

been generally accepted as siuind. 

Fouiuleti on this the further argmm'Oi follow^ that, -ii|.|.os 

inn water to he ahstraeted IVotn any |.a. t of mwI, a p-y,,,. ami 

a series of moisture iletertninatioiis ho imnl.- amo.. i i- .nylinn 

of the Kow of water hefote the elfeet of ,ln> w arn, ms 

hrati,netocausoamcosaro/A e'lh e, a. ''ply "I , n h" 

.. w ] hf jound thiougli 

system, a decrease ot water coiicon r -n r • i i u-iid- 

• I r +10 rrr'i-f w ill ilii!iini>h towaid- 
out, though the magmlude ol tins . i ^ 

the further end id the system, H" 

deterniina^uMis of watermoncenrn^^^ 

val insutficieut to admit ol a n (> fiii tlicr 

of the system, the conceiitratmn 
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dccrftased in each succeeding plane. In fact the periodical concen 
trations may be illustrated by the diagram below. In it tho 
curves b and r represent the subsequent concentrations ol' 
water and are drawn cutting the curve a of initial concentration. 
Very probably they meet it asymptotically, but this fact 



would not liiaterially adect the ([ue.stioii. This movement 
water mnsf l>e aeeom[)anied by a deei'ease of concentration, 
anti hence it follows that the area hetweeti the tairves o and 
b Would ex[>iess, within tlie limits of ex[)erimental error, the 
total ([Uantity of water whieli had flowed through this part of the 
system during the [)erioil of observatitni. There are experi- 
mental didieullies ill mnking the series of water determinatioii> 
with preeision, the eh inges in eoncentration in that part (jf tlie 
system whieli is lepie.seuted hy the lower end of the curvt's being 
particularly difheutt to ascertain, hut tliis does not atleet the 
principles involved. 

There is I tliiiik a popular belief that, so soon as water com* 
ineiices to evapt)rale, say, at the surfaee of laud there is an iqi- 
ward iiKtveinent of water towards the surface from all de[)ths. (hi 
the contrary, the movement is not immediately communicated 
througlumi. Far Iroin .^uch being tlie case, considerable periods 
of lime may be required fur .such a movement of water which 
originates (in the exam[)le justmentiuned)atthesurface,tobr 
communicated through a number of feet of soil. This * will per- 
haps be best demonstrated bv tiie following line aru’umenl. 
Sup[>ose after a period of dry weather a fall of rain. « say l". 



\VA.TEK HKtilMRKMKNT> OK IN INDIA 


occurs, succeeded hy tine weather. This i ot' water will s,iak 
into the upper soil and a seiies of water di t^aminati'aiN waiKl 
show its distrihution. Suppose it weir f<aiiid t<» la* distrihuted 
through the first (T. New the ditfereiiee in water eonerntralK’ii 
existing between the Hi’st il" and the next would eau'^e thi^ watii- 
to move downwards, which nn^tiou would eontiuui^ \\\ thr down 
ward direction until the surface energy of the wait r la twet u all 
particles became et[uah Sueli a pi’ia t ss w-tuM takt‘ tout , hut 
ehanges would he itcrt^rjihUr \\n several <lay> <hi tin other 

hand, however, fine weather is >uppt)s(>*l have ^ri m and tlii'^ 
necessarily oeoasinns aeeoiupanietl Ky a niovement 

of water towards the surface. W'e ha\t‘ then water nuwiiig,,^ 
fjtr. (ifiif in both direetioiis, 'Die ease may !)»* ilhmtratral 
(graphically as in the four small eliart> 



Ki<.. 1. 



FK.. :i 



Kii> r 


of 

uf 


The cTirve A in Fig. 1 rq.re^-ent^ th- initial com:<nitiOi->ii 
,ater ; in Fig. 2 the acl.ied cnrvn B repre.ene .lin fli.t .■ti ■ 
her^nfall whibtthe Figs. 3 ^ iHustraO Imw tin., . 
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of moisture spreads itself downwards, whilst concurrently evapura- 
tionat the surface reduces it there, and the “height” of tlu 
wave constantly diminishes. An example of this was recorded in 
1908 and the data are set out in tlie Statement \o. XXL On 
August I2tliaftera long “break” in tiie rains, 1*34'' of rain 
fell. A moisture record had been kept in a plot of fallow land, 
and the coucentratiuu of water on August Oth is shown in tin- 
Hist column. Alter tlie rainfall, moisture detei'ininations were 
made on 13th, lotli, 17th and \\nh. After tlie 12th tie- 
following rain fell ; -02" on I 7th ami (Mi" on I9th. 


STATKMKNT No. X\I. 

SnoWlNii TilK Kl-'FKCl OK A “ WAVK " uf DRAINAGE. 


liKi-rH, 



].'i-S-0S. 

1 

]9-8-0^ 

:r 



10-75 

S-60 

6-Ol’ 

:v' -6" 

irsis 

vm 

11 '.V. 

10-8:1 

IO-4'J 


11 -TJ 

u-is 

1C-2S 

n -27 

10-4-J 

r-r 

ii-2:i 

11 -.n 

rios 

10-4-2 

l-2'.5fi 


n)-»i 

9-4:i 

l(|-9.'> 

i 9-1:4 

10-lS 

i r -re' 

s-i<) 

7'ii:i 


1 8 89 

1014 

v(i' -ra' 


7-:n 

10 '.V) 

i 0-46 

8 12 

19" --ru ' 

7-c;i 

.5-^9 ' 

7-H 

' 7-.r) 

7-11 


Tints the first day after the rain, the water had spread itself 
through about 9" of soil ; two davs later the moisture had 
increased in the next lower 3"' but had decreased again through 
out the U)>per if' : on 17tli a further decrease was noticeable in 
the top 3", but <Ulier elianges Itad become too ^^malI to estimate; 
after this date further changes could not be determined thoiigli 
they must have been still in progress. Similar changes mhst 
occur after every irrigation. The same must constantly 
occur especially in countries which have a well distributed 
rainfall. It is known that drainage does not cease in, at least 
many, soils at h ft. for days, and judging by tlie difference "t 
time required for drainage to cease in drain-gauges at 3 ft. and at 
(> ft. respectively, at 10 or 15 ft. from the surface drainage must 
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continue tor a week or inure iito-r rain uraMs ; lan m ih, . \rm oj 

tine weather, water is iun-in tiu-lu>s ..vap.aaiiii- rMiu in ivinlv at tin- 

surface, and tliere is necessarily a inuvnihait tlnv.iinh 
(d the soil towai’tls the siiriaeta /,r,. \{ musn iii ''iirli i tuiiiiiiuN 
constantly the cast^ that in uin'and ihf same >(.1! wat. i in ih, 
upper part inoviiy^; towards [hv -urtacr, m ilir hu\t r pait in-omc 
downwards. 

Uhese examples sliow Icov rraihlv it nia\' h.- that soil 
moisture, even in the [n'utrai’lcd jua inds ot‘ diw w . at In r w hn-h 
uoenr in India, is imi necessarily mn\ m^ t lu imoli ;dl dt^tain i s 
in the soil simply l)e(‘anso u is known to I**' nio\iti>^ thiouch a 
certain part or stratum of it. 

In order to tix idoas ri'^^mrdino tin- im asm vim ut of tin oa.i! 
ijUantity of watm' wliii-li has movrd tliocmh a ^oil m a ci^'ni 
time, take tlie case of tin* Ihisa soil, fallow, inic.i |o, in wliich tin 
series of measurements of water coin-cni tat ion \^.-ie itia«tt' and 
which are illusti’ati-d in (diari No. X\ 1. 1 In iaiiifall ot tin 

period was whieh was oloioijsly insulfni'ait to alf.rt the 

argument we are considering. This reeord shows that thmo wa- 
a gradual decrease of sod moisture in tlir iippri n.'Jt. oi v,,,d. 
but that no measurahlc deci'easr oeeuri'Ml hrlow ii.Ui, h ha- 
been argued Augt. Sth, liaitl) tiiat Itccaiise no dorrea-c 

wa.s observed below this deptli. is no prool that there wa- im 
upward movement : but smeo any upward niovenit ni is in‘ei's,>;n ily 
accompanied bvadecreasc of cmiciaitrat loii, tliis taet i- a proof that 
the amount of upward movement below i ft. is t \tremi |y -nial) 
The real defect hes n<>t in tlie argnmeiit . hiit i at In i in i In* aetan ac\ 
of tlie measurement. II tlie latter wan e more <*\aet. iln i. wjadd Im 
found at the eml of each succeeding period of time a ih t-M-a-o m 
a U)\ver stratum titan had heem found to lie tin- ea-o at th<- ]Me<( (l 
iiig date. The changes in the upper 1 or .i ft. of tlii- -<iil an- -o 
great that they are readily measurahh- by oin meibod . ibis is a 
light soil for the most part tlirough wliicb water »*a!i mo\»- fi<'<-|\ 
iiut belovi this in the clay the movement of aatei is necossarily 
•slow, changes of conceiitratioti are therefore smuil, and lienee tin 
difficulty of deterniiiiing them. 
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A.nd what a[)plies to fallow land applies likewise to the .s<ni 
i'roin wliich water is being abstracted by plant roots. Th» 
examples of this ettect which have been q no ted show how, ;u 
harvest time, a greater decrease of soil moisture has occurre»l 
under the i»\tirience of a cr(jp, and that tliis effect is easily measur- 
able to olio or to two feet deeper than where the land is merelv 
evaporating water at the surface : but the )ia(ifre ol’ the changes 
are the same. In some eases there is a doubt wliether the 
moi.stuiT* detei'Miinations were carried as dee]) as might have been 
wislmd, but since the inaeouraeies of the metlmd have been sn 
fully admitted, it will be sufti(‘ient to say that the observed 
cliange of eonemitration of moisture where a crop is grown 
should eorrcs])ond apjiroximately to the total amount of watei- 
which has been trans|)ire(i by the plant and cvap(M'ated directly 
from the soil. 

(Jaleulations to this end for each of the crops have, therefore, 
beam made in order to compare tliese quantities with thos*' 
cstimatinl by jiot -culture methods. 

It wdl bc^ rinidilv ap[)reeiated that whilst the total change 
of water-content iti the unit column of soil can l)e simply esti 
mated from the (d)served changes ol* concentration, such estimate 
includes the water which has been withdrawn from the soil by 
both agencies, transpiration and eva|)oration, whilst we desire 
information regarding tlu^ former as distinct from the latter. 
Although there is m) method for the direct experimental estima- 
tion ot‘ the ciuanlity evaporated, an atteni])t has been made to 
form at least a uonee])tion of it, ** 

This estimate made as tbllows : While tlie cro[) is young 
and transpiring only nomimd amounts of water, the i vajxfrafmi, 
must ho very similar to what would occur in the same soij il 
fallow. After thi.s period, however, the crop shoots rapidly and 
covers the ground, either entirely or in a great measure. Now 
there are three reasons for assuming that this must necessarily 
very largely restrict direct evaporation : (^) since t^o plant i^^ 
constantly transpiring large amounts of water, the atmosphere in 
between the leaves and stems must be highly saturated with water 
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vapour : (//) tho stems aiul leaves nf ilir plaiiN Krln^' elosr o.^rili. r, 
air inovemoiits are lai^ely restrletril. so that tie- hj.^ljly 
atmosphere anion^ tlie plants is heKl in position as a eovri iim ovor 
the soil, Hiul would necessarily ii duet^ (‘vaporatlon hrlou what 
would occur into a dry atnn)splna-<‘ : [ih] tin' plant irdin^', 
the coiiceiitratioii nf nn>isturn in the top most soil, and slnen a 
relatively dry soil will I'vaporate loss wator p.-r \nui tinn- than a 
luoister one, this (^ll.'et of tlm plant will also tond (o iodine 
ilirect evaporation. Some vei“v iiuer("^tluL; intonnat ion m ie‘'j)rri 
of the humidity ol' the atmos[»ln‘i'r witldn a erop was puMishnd 
|,y Yapp* whose ex[)eriine}its (hmimistralo llm laoi that tin-' 
part of the atmosphere is very hiyhly nharyod with watn 
vapour. 

Data which liave hern obtained during throe ymrs hy iin an- 
of the di'aiii-<^aue’es, two of whieli are- fallow and two i-ropjx-d. 
indicate that where a o*ood eo/e n’op is orowiny, tho amount ol 
water which sim[)lv (evaporates Irom tin- soil, as di^tinot from 
that tran.spired, is only ahoiit mie half of whai it would ho il 
the land were fallow. For tho [)urposo ot o>tiinatin,Lt thoamomit 


.,f water transpiml l)y th.' cmps, tin- |.i n|H,i lion has j|,. ivloiv 

Iteen adopted. Tlie data whieli have In-eii utili 
ill the lower part e)i tlie Stalonn'iif 
details regarding the weight of tin 
been made to account for tin- water involvod in (adi 
we liave the water in tin' soil at sowing tiiin'; tlii> i 

If tlie rainfall (and Inigation m tho 
sum is (In* total watoi- 
account wo have 1(> tli>j>o^ah 


0(1 ari' an : 

\os. VIII h> XX. 

if‘ ertpp, a “ halaiieo >hoi 


I Olil 

A f t oi- 

I ' ha^ 
Thn> 

stvl d 


the “ iiiitiar’ wat(*r 
(Aiwnpore experiments) he added, tho 
involved. On tlie other side* ol 

: (ill lin* a'o/o/' romainin- 
,irr>i whieh H oh\ io!i>ly 

, . , , -oo. , ,o:.v ko n l^* divid' d hv 

obtained b}’ ditlereiice 

tlie weight of the crop, and thi.s ratio eoinp; 

, , I . I'he results ((f -'.C'h eah'uhition^ ar 

■i the pot-culture liousc. ih. 

here colleclied in Statement No. XX Ih 


which includes (i) ^/o’Ce/ ecoye 
o, Up soil at h^nursf : (hi) that /eoe.vyo 

J'liis quantity may then 

ii‘od with tliat ohtainod 


* Ol>l. <'f I'"'-', P i 
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STATKMKNT Xn. XXU. 

TuANsiaKATKjS' RAI'inS (Mn’AlNKL) HV (a) POT-CULTU KES AND (//) 
t'lELD METHOD. 
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Tlie })nt-cultur(^ ratios (jiiotod aro those i'oi’ small and lari^»- 
crops respectively, hnt since tlie crops grown in the field were in 
nearly all cases lieavy ones (tlie cereals were all e(pial to. nr 
greater than 5,000 lbs. })er acre), the held ratios should I)** 
coniparahle. rather with tiie lower tlian with the liigher pot-cultinv 
ratio. An examination nl' tliese ratios admits of the following 
conclusions;-- 

(i) They vary among tliemsulves, hut not to a greater degia n 

than lias been found in pot-culture experiments : 

(ii) the compari.s<>n l)Ctweeii the ratios obtained by the two 

methods siiows that, for oats it was generally less in 
the held, for wheat it w^a.s low in three out of seven 
tests, for hai'ley about normal, for the other tlii'e*' 
crops the held ratios were frecjuently higher than tin 
pot-culture ratio. If the comparison of the whofe ol 
tlie tests be made irrespective of crop, there are nearly 
as many held ratios higher than, as less than, the pot- 
culture ratio. 

Looked at as a whole the nett result of this p’art of tin 
investigation has been to yield ratios which certainly suppon 
the pot -culture work as well as could he expected of tin 
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method, There are two points wlilrh mav lir h-iv suual-lv 
leferred to. (il Tlu‘ haw slmwii nniiMinilv that 

the lar;;'er tlu* mass of rarih In wlnrh jTiut- ih. 

lower btieauin tin* ratio, and ('<ai>ripn'ii(lv. \inirsv in oni 
pot-culture tests llio (juautilios of soil rmi'hoa d ha\r h( . n 
suthcient to produce a iiiaxiimiiii rlloei in ihiv ivsprrt. tin 
trau.spiratiou-ratio «>t eiajps orowine; in iho lidd. wlnnv iho masN 
of soil at rh(' disposal of tin' ei'"ps is -o. \ri v nundi iarui r ihan 
that employed in our laiyest j)o( culiui i' jar^. ini^iit in lApr.-o d 
to he lower than that ohtidin'd hy l^'.e pot-rulinir nirthod Tlui'' 
this factor must Ifoassimn d to he oin' ol ihi^ miAi s ti ndniL; lo 
low held ratios, (ii) Some wat<a' wmld iiio\ o upwards undft« i' 
mined hy th<‘ mothod (,’iiiphy I'd. .Vii instani'*- \\iiifli r- .a 
consuh'rabh' valuo in slnoviiiy ln>w -mall this is mav h. hrir 
(pipted. 

In lUON, at tlio tmd "I a N'orv w<‘,ak iin'in^oMn. -om<' land 
which had horn*' yvass was l•l(■arl'd. and pivpaivd i.u •■mid 
wY^atluM' " sowings. ( )nlv very trilliny ainounts ol diainay-' had 

oocurrcd at ft. and (> ft, iVom tin' uany s durmy tin' nion-o..n 
and the wrass lia<l nut oidy assimllattal iln' rainlall, iai(. as ihr 
rec'ord showed (sen afljoinin;; Siatfimmi No. \ X 1 1 1 K it had 
de[)leted tliis land o1 a lary aiinMUil <>l IIS' imnstm’f; (In- d<'t'-»'t 
bein^ from (Uie-balt to thi nnopiart ni s m tic np[)''i o jt. htlmi 
,rhirlt ihv riuiro»irafii>i> nf' >rnlrr no- oAm/O /noa/od, S.-od -o\n 
(.11 this soil in Octoheiyuvniiiiiatnd vny hadly. and t In- 
orowt.h was so poor that in. wniydit of tli- .Top ua- lo-pf. Imi 
the moi.sture iwesent ill F.'l.rnarv was . >1 tmat. d ami i- un hid, d 
in tlie Statement. If as mm-h as |(i poiimb o{ w at. i jh r unit 
column of soil liad come up li'oin hi'lnw .t ft.. H should ha\< Ihih 
able to support a crop of (.say)(i ftni llo. .d .iry mat im p.-i 

acre, whereas tlie one wliich actually stinyLih d toi . xist.'in. w.m 
tar below even this small tfuoirm Ih-ttw idmeo ..fih- inahihty 
of the lar^e stores of wat‘‘r c.>ntain*'d m ilc' ^oil h. Ion th i < t 
range to ?ierve a crop <'Ould liardly he p)'o\ idi d. and it < an nl\ 
he explained on tho assumption that this catm 1 moii,. 
Bxtrenielv slowly. 
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StatfclDOMt No. XXI II shfjiriHf/ cunct^tdrntiOd of (ratirr in 

s(hI (fi) midrr nnrriial cimdifinn^ (Ij) fiftf'r f/ras.^ roifplful trid^ 
monsoOK. 
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('Ilfnu/^'X (d Ci}in'<'nit'<l(li>ii of O'^Uet' fn tho .so?/ .sJl/j.SfOyOri// 

ii) — The tact that a certain amount ot water will movr 

upwards undetennined by the cliaiige in inoisturo concentrations 
between two dates, has been referiaxl to, hut it was argued that it 
must he only simdl. In order to tiy to form a conception of its 
amount tlm folio win^^ tests wei e made. It has been demonstrated 
that the concetitration r.i' water is L^enerally decreased to a oroater 
degree wliere a crop has grown than wiiere tlie soil is merely 
left fallow. Thus at harvest throughout several feet of soil there 
is a deticiency of water. What is to be anticipated after removal 
of the agent, that is, the erop, which has created such deficiency ' 
Will nut this soil stratum, iu wliich tlie deficiency has been 
created, tend to hold any water that is moving upwards so as •to 
resume the higher degree of moist ness which it would have 
contained had it been merely fallow ( 

In order to test this cjuestion, determinations of the moisture 
in the soil a montii or six weeks after harvest have been made in 
each year, and the data relating to these are included in the State- 
ments Nos. VIII and XIII to XVIII. In 1908, after harvesting 



WATKK KK^HMKKMKMs uK Ulnl- j\ iNpiy. 

the oat ci'op.nioisture aetonuinati.,,,, w.,-,. ,„u|,. ,iv,. ,u„l 

week, respectively alter harvest : ,luri„. p.rie.i ,h,.,v 

was no ran,, but i.'V fell on May 7,1,. that is, a, ,h„ .o„„u, au-eun-ut 
ut the socoiKl peno.1. This fall which ,s c,|uiv:,l,.,„ y s Ihs p.,- 
s(). ft. is miiinportaut in respect cf ,hc , natter are c.,„sl,ler.ny. 

sttice It could not appreciably alfeci the s.cl iiinisini.' I.d.nv ih, 

Host foot. A eoniparisoii „f the c,ine,a,uaii.,ii ,,f wao-r in ilic 
several feet, mure especially I.ciutcii -j .-uid 7 ft. dep, shows 
tliat there was a distinct increase of soil moisture after harvest, 
which was accompanied by ti decrease helow S ft. In 1 tmtt , about 
tw 0 tnottths itfter harvest, two tests were made m the mustard 
and petis plots respectively (Slateimnis \,,s. .\11|, ,\1\-), The 
rain wliicli fell t)n tin* (oniitM- pita auKiuuictl tit Ml", nn tin- 
latter :)‘47’'. The ttH'iner is ui mt niinsiHjm-n.-iy Tin- latti-r 
iiichnled two piiueipnl (’alls, iiaiiifiy, I I V' nii April isih ami 
'in'' on April which was 7 days pi im to tin* M-citini deter 

ininution (>t‘ nioistuie. 7\!tlnaiL:h tlie i-ljt-et nf the i KV' v\Miild 
have praclieaily disappi‘art*d halurt- the dt-lermiiiui i<tii t>j Mav 
ath, that ot' the latter wouhl hardly have pass.-d titV, thoULth 
iteuuldoiily niatf-rially atreei iln-tlist i‘(it)t. A.> a mailer ot fact mi 
May ;)th tin* first 1/ was rlistinetlv nmmter th;ui mi 7tli Mareli, 
Neither <>t’ tlie-'-fe reei>i'ds po.ssess (In- >aiiie reniihn ily llial eliai-ae- 
teri>5ed tln^ first test in In i:M<i lesi> wm-e taken a im»ntli 

alter harvust in all tin.* snveii phns, 'The landalls 'd tli'- >eveial 
})eriud."> were of ne e>pnse<pn nee. l[e|f tin- result- pussess e.m- 
siderahle regularlt As tin- nm ves s1i<j\\ , there was an iii'-r.-ase 
in the htli and Sth tV-et. in fmir phtls. a di.-creasn in <iiie phil and nu 
marked elianjLfC in two; almve ih- >lh (not dieiv warn; Hemral 
decrease. As a inattei’ id' fant, the test is hy mi im-ans a very 
deheate uiie fur the* mnl in view. Any sueh ivmia-'leiiiii;; must 
neeessai'ily ho the diH’erence hi Lwr-eji (lie wal' r leeelveil tmin 
helow' and that wliieh is e\-;i[nnatiiiLe and as-nnnn;,^ that tin- 
'■^oil doe.s tend tr> liuld water in (hr* manm r -n^f^e^ted. the 
nett aU}j;aieutatiou uf' water will pir'-uinahly d-'pend in a 
uieasiire on the de^uen tn whieh fh'* ^'i<fp drsie'-al' - 
the 8Lil)-soil beyond what would mem if iiu erup wnm 
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there ; in other worrl;-, if, iu the sub- .soil at harvest, there is a 
l<tr(ii' (ifcficieiiey of water due lo t])e crop, tlio tendency subse- 
<[ucnt to hai’ve.st \voijl<l presumably be tor a relatively large 
accumulation ot water in this j)art of the sub-soil, whilst if the 
etiect of the ero[) is *>nly t > cause a .small deficieiiey, the sub.se- 
fjuent jvecumulatioii ot water would likewise be only small. 
Thus, of all the crops, tin* oats ot i‘JG7-8 caused the greatest 
defieieiujy, namely, about 10 Ihs. in the unit column ; among the 
crops ot 11)1)9-10 w heat (manured) eaus(,'d a dclicierey ot 2(5 lbs.. 
<jats (mamued) (‘aiised one of 27 lbs. and the manured linseed 
one ol 02 Ihs. of water ; of these tlie tirst three were followed hy 
a suhsetjuent aceumulatioii of water in the sub-soil after removal 
of the crops, whilst the last w as f)llowed liv a further decrease. 
Tlu' other crops created only small deficiencies of water aiaf iin 
aeeumulation was perceptible in them subset juent to harvest, 
ddie fact, however, of it being so difficult to detect this change, 
w Inch on lheor(‘tlcal grounds slmuld occui*, is a further indication 
of liow small ninst hv the amount of water which is moving 
upwai'ds duriiig dry \v<'atlu‘r in this [)artie\dHr soil from below 
H or 1) ft. 

In the foiegoing [airaLiraphs evidence lias hemi adduced 
to sliow’ lliat ilie <[Uaiililv ot water which rose in the Pusa 
soil imdetected must have been less tlian H.) lbs. [)er sip ft. ot 
ci(»ss section. Put it must Ik- rec<illectcd tliat there is nothing 
to show that the (piantity was as much as even one pound. The 
somcw liat lower transphation ratios found for some of the Held 
crops w ould he us easily accounted for by t lie greater mass <>1 
soil as by an undetected OjUantity of water. 

The nj iraft‘r frith iu the root rffin/e. — The 

available iidbrmatioii in res|)ecL of root development is admitted 
ly very limited, but crop roots have been traced through a 
number of feet. 

Assuming that the ileorease of soil moi.sture a.s e.xliibited 
hy the (yharts Xos. VIIl & XIII — XVI II indicate the active 
root range, this amounts tu 7 or ^ ft. Now the amount of water 
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present in tlie unit column of soil at situin^ tinio iia> l*orn fi'niui 
fo 1)6 (Volu laO to i!00 lbs, in tin' >ia!s a! Pusa and ( 'au iipt'! . 
or deductin^j; lbs, foi' (bo !Kli fool itf -ni). i( is i xiduii ih.il ib'- 
totid ijiuuitity of water jirosont is ft»nu i\\>i O' Icur ( inn s as nairb 
as heavy crops rcijuirc. 

TJn^ (liulif Itx'itf of ir<(t, r l‘il ‘f < /’'j' <1 ” I'f ;,tl I' I t<«f 

of rnd.i'iDUffn ((■<sniifltt(toii. On pau'o 1/ '' MrOH'ii No s ti 
was pointed out that the orealor ['ai t ot tli.' watt i iMpiiu dlta 
tlic ileveki[)iiR’iit til' lU'i'iiii is assmilhilul liuniii; a lm.u. ,1 |.. 

'('he curves ileduced triiiii llie |s 1 rulliiiis ,u< all 'iimlai iii 
showing thaHl, ere is a period of inaMinun. Uansiavaliou. and 
neglecting the teuiporary elleels ol (einpiiaiui' and Imimditv . 
it may he represouted hy the curve sliown helow 



From tile curves which liave he,, 1 i, i-a.-v to 

calculate ajipi'oNiiiiately the mean aiuouiil ol naOi d.iilv 

pired dui'iiio the period ot oveiiliot '"liiiilal ion, .m O 

the as.sl,mpti»„ that this mean nmunuy m p,opo,-,ion.d to , 

weight of Cl'oj), to reduce' tile resiih' ol alO V]!* , iiia at. i 

one coumiou standard of e,op.wo„hi -i to a inn.o d nund.er ol 

.such weights. Such a ealeulat.oi, would |,„o nh- an imhea nu, 
ot tile aniouiit of water ria|uired pm da\ dm in, i i ] ^ 

luaxinium assiinilatioii hy a eiop o| an n , 

assumption that tlieweicht of warn, lian-pned pioi-ortm . 

to the weight of crop we to ho no, -triellv t O ea... nd 

l--^o;nakethecaleida.io,,s.nd,w^^ 

tion, Xevortlieless the mmrin.. ' " ' 

;|t loll lo W lllM lollMW . 

iipproxiiuntely coii'ccl. *'1 uitu." 
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The following Stateiiieut Xu. XXIV exhibits the quaiititio> 
oi' water so required. 


STAT^:MKXT Xu. XXIV. 
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Fur llie ‘‘ staudard weiglit, ' wliich naturally includes straw, 
leaves, ete., as well as <,;rain, (|uaiititles have been taken which 
will be u[)en tu critiei.sni because the weight (jf a “heavy'’ eruj) 
varies so much in ditierent localities. The period als(j during 
whieii the nnijor [)art of the water is transpired will also vary 
with the eh mate. 

Factors n'fjffhtt no/ oioronriit of irah'r, -The field experi- 
ments which have been dealt with in the [jrevious paragraphs 
have demonstrated four tacts : — 

(i) The (juantity of water within the rout range was far 
in excess, from two to tour times as niueh, of that which lieavy 
cru[)s re(iuire. 

(ii) Tliat during <growth a marked decrease <jf water cun- 
ceiitratiou occurs through 7 or 8 ft. of soil, which coincides with 
the root range so far as we have information on the subject. 

(iii) I'hat after a normal monsoon the Pusa soil, if it has 
been fallow, eau support a heavy cold wetither crop without 
material additions of water ; on the other hand, the Cawnpore soil 
is unable to do so, 

(iv) That if a soil like that at Pusa is largely depleted, 
irilhin the root range, of its usual store of water, but ..contains 
bcloff' the root range a normal and large amount of water, the 
latter is practically of no use to the croj). 
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Now, the^e several taets, as w.ll as va.li of tlu- otlu r f, alma s 
which have been dealt witln would be aoeouiu^l for if the wator 
supply throiigli the soil to the |ilant w.,e eout rolled u.ubr th. 
indaence of .surface tension, by a law similar to that wbieb 

governs the traiiMuission of lieal or lb.- dilfusiou ,,f sabs. 
Doubtless the eases are not Identieal, and tlio niovenn nt of water 
through soils is pri>bably not simple No\ eribeb ss if th.’ 
chiet lactor.s are the same, the ipiantity moving prr unit line 
would vary, (l) directly :ls the dltleleUee ul r'olua lit rat i<in <'t 
water at the tw’o cuds of the column, wbleh dill'eieneo miulit \n- 
styled ‘‘potential," (ii) inversely as the square .n' lb.- disiane.-. 
(ill) directly as the magnitude of soim ■ consiant ' poruliai Im 
each soil. 

Thus ill any one soil, tho plant wuuhl loet i\ r iikiii watri 
per hour or day, the more water is prr>mii in ibr stiil. and lb.- 
shorter tho distanec tln'(mgli wliieli ilm watrr ha^ t,, trawT 

Tire action id tiic root will bo 1(> Inwm’ ^bo onnenn ratinn ol 
water in its immediate iieigbliomliood. and wator will |]ou (dwaoh 
it horizontally as also from below . Tlio tnl|iA\ Ihm j vpmal rao 
may now be cuiisidei'cd. 

(a) Idle soil eontaiiis iibundanoi' of watoi’ for tlior*'jnirr 
nients of the root irtflim ds and wai or iieo r> b roly t In oiigb 

the soil. Then the root's laejuiromont will bo >:iii>|i.(| by a i-om 

parativoly small low’et'iiig ol tie- watiw oom-oiit rat ion m iho >oji 

throughout the root lonotli. Wator will t'md to mov upwaid 
from below to nicrease again this rodnoi-d oiinoriit i-al ion, but a*- 
the di.staiice below the root laiigo iiioivaM .., liio .piantity imoin- 
will rapidly dimiui-sli, K\am])lo. I*M>a -oil 

(/;) The s(/il eoiiiaiits siiiiila’ ly largo pi opni tioo- •<! watoj , 
but water cannot move freoly tliiougb ilm .^oil, lie* root would 
be served with a delicieiicy ot waO r rrsubing in a >i!iail abo\i- 
'U'OUnd e‘r(>W'tll. It would bo )U>t a- dllliouh lo! waloj- lo mo\o 

O O , 

from below. Example. (Jawnjioio sf)il. 

(c) The soil, say a sandy oiio, ermtain- to-' lii t h- wator within 
the root range for a lieavy oiop, hut wat* i' mosos tr' f ly thioijgh 
it. Ow’ing to low concentrati'm the' root would h*' se'i\ed ba<ll\ 
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with Welter within the rout and water would tend to move 

♦ , 

upwards, hut as the concent ration below the root fell and the 
distance tliruu^di wlncli the water would liave to move increased, 
its (juantity would fall oti' ra[)id]y. 

(f/) The soil witliin the root ranj^’o eoritains too little water 
I'or a heavy cr<)[), hut (;onr.aiiis ahundaiice one or two feet below 
the root svsteni ; watei’ can move IVo'dy tlu ouoh the soil. Here 
the root woidd he served badly by the sod within its length owing 
to low concentration ; from below the <|nantity of water moving 
[ler unit time would be small on account of the great distance 
through which it would have to [jmss to the root. bjxam[)le, Harley 
crop ou Pusa soil, l!n)S-01) ([Jage27l). 

In the foregoing it has Ijeen assumed tiiat the roots are 
assimilating’ water throughout tlie whole length of the root-range 
at the same time. As a matter of fact but little is known about 
this matter. It may be that the assimilation ])roceeds largely 
inch by inch and foot hy foot as the root system develops, 
resulting in cacli layer or stratum of soil being largely depleted 
of its water successively : or it may be that the root extension is 
so rapid that the reduction of concentration occurs more or less 
simultaueousiy ii^ the whole column ot soil. It may be mentioned, 
however, that in the drain gaug»as, routs come through the false 
bott«>ms at o ft. when the cro[) is <juile young, and this has also 
occurred at Cawiipore in the sin. foot gauges, Such evidence 
wcudd indicate the second of the above suggestions as being 
nearer the truth. Kowever this may be. tim* fmal state of the 
soil moisture corresponds witli what would he expected if the 
(puuitity of water moving througii a soil to a root system obeyed 
a law similar to the one which luis been set out. There is a large 
and nearly uniform decrease of concentration in the upper 5 ui* b 
ft. of soil, below which the decrease becomes rapidly small. 

Tile decreases of water in fallow land during dry weatlier also 
agree well both with the soils aldlity to support vegetation as 
also with what a law such as that suggested would demand. The 
aeeonipanying Chart XXV show.s tlic concent rat ion of water in 
fallow siVil at Pusa aiul Cawnpore respectively in ItHys. The 
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shape of the curves ot the one is ch:u'aeterlsiivMll\‘ (lith inu iVuih 
that of tlte other ; that thr tin* C.v^vllpl)re soil h^'in^ niu»‘;i ihr 
steeper. Such a dirterenee of s!K\[)e would iiidirutr tie- t'auiipoi, 
soil to be a worse “ coudaetor ’ of soil luoisUiio th in tie- 
If such were the ease, tlii,' Ca\vn[)ore soil would los,- 1 , ss w.iou lut'i 
the atiiio.sphero diiriuo’ dry wt-ather : water would aUo ui..v. 

to the plant latot less readily. aheadv lueutii'iit d. the lath i 


t llAllT \\V. 

1.8S. water per c ri 



las w*icR Pt« cr* 
to 70 3 0 



foiturc uoul<l teiul llie |,i uf u r .n.,, ;,t 

Cawiipure than at Pu^^a, which is kiimvii tn Ih' iIm’ r:i~c. 

. It may be .statwl imleea hs a y< ucral mb' lliat animiu' . ..,1- 

which are fairlv hmiiogcueous thmu-hciK tli.' u|.|h i- 7 nr h fi„ 

tho.se which lose much water when lallmv clurn,,^ .hv wcalbc- u,ll 

serve tlie crop’s root svslem well with walM , ih" ' im I I I 

Irnml, which drv principally at Imt Ins. m, Ih. ula.I. 

« . O 1 . “ :n . rt Hi- r<'!' '’^dlv and tvr|!iiiv ‘ itle i 

but; httle water, w ill sei \ < i u ' } 

rain or irri coition. 
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Conclusions. 

(i) The t ran s[/i ration ratios obtained with other soils than 
that of Pu.sa show that tlie nature of the soil has no iiitiuenee 
on the ratio, pr(jvided tlie \vater-su[)ply in the soil does not fall 
below a cei'tain concentration. 

(ii) The concentration of water in the soil which is neces- 
sary bn’ ^ood development varies largely with the nature of the 
.soil. Thus 10 ^ in the Fusa soil is sufficient for the develop- 
ment (jf good [)lHnts though not the largest : in the Black Cotton 
soil ‘J,5% is too small for anything but the most meagre growth. 

(lii) In tin; Held, the action (jf tin? plant is to cause a 
imukcd decrease of concentration throughout a imniber of feet of 
soil. 

(iv) This reduction ol' concentiation was in. the Pusa soil 
im)re or less nnifonn for about or 0 ft. below which tlie chauire 

r> 

is smaller. 

(v) A comparison of the observed decrease of water in a 
unit eoluinn <if soil (after making an allowance fur the water 
whieli evaporates direelly l‘i om the soil into the air) witli the 
weiglit i)f crops produecd, yields a I’atio closely a[)[>i'oximating to 
that obtained by the put-cuUurc method. 

(vl) Most o{‘ the water reijuired by a ero[) i.s thus aeeounted 
for by tlie observed decrease of water ^^ltlnn the root range. 
The amount ot water which moves up iroin the .sub-soil un- 
detected is shown ([lage ‘J?! ; to be neee.ssarily small. 

(vii) Tlie soil within the root range is at harvest time 
fiaapieiitly much more desiccated than it would be if it bad been 
simply fallow. After the eyo[) is reuK-ved there is a tendeney for 
the water which moves u[> tVom below, to re-inoisten this U])[)%r 
soil, hut the [u oces.s is certainly a veiy slow mie. 

(viii) The effect of a khnrif (rains) ci’o[) in India will be 
ill many cases the partial depletion of the water in the upper 
soil of flic root range, whilst that in the soil below this. stratum 
will be nearly or (juite normal. If now sueli land be culti- 
vated and .sown witli a rahl crop, the supply of water within 
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the root range will be deleetive. whiUt t!i;it in tin- soil brlow k 
unable to assist the seemul ci‘o[>, ahhnuob tin* buo r i|nau(i(v is 
actually very large. 

(ix) The wliole of thn Ihrts whirh havr brrn bnaigln out bv 
the ex[)eri!nents detailed in this mt iiioir would be ai'eounii d fur 
it the <|UHntity ot wattu‘ wliieli eau nnoa' ilii'ongli a sod pn' unit 
time were de[)eiident on tho tlnaa* fai‘t«)i's. ooiu-ont rat ion. distam o 
and [ihysieal charaeter of tin >oil ; tomptaatni'r aUd no dout'i 
has an iin[)ortant inilueiire, 

(x) There ean honodonht that if a laboratory nn llmd i-ould 
l)e devised for the estimation of tin* soil's caparity t'oi- ih, 
“eonduetion ' of water, sa<‘h niotliod would iMi.inn- ot wiy 
oreat vahn* to agrii-iiltnrr. 
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